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CONSTITUTION 

OF  THE 

ASSOCIATION    OF  CIVIL  ENGINEERS 

OF  CORNELL  UNIVERSITY. 


PREAMBLE. 

We,  the  undersigned,  members  of  the  Senior  and  Junior  classes  in  the  College 
of  Civil  Engineering  of  Cornell  University,  do  hereby  form  ourselves  into  an 
Association  for  the  discussion  of  engineering  topics,  and  the  promotion  of  general 
information  on  engineering  subjects,  and  do  hereby  agree  to  abide  by,  and  sustain 
the  following  Constitution  and  By  Laws  : 

ARTICLE  L 

NAME. 

I.  This  Association  s^all  be  known  as  the  Association  of  Civil  Engineers  of 
Cornell  University. 

ARTICLE  II. 

MEMBERSHIP. 

1.  The  Association  shall  consist  of  Active  and  Honorary  members. 

2.  All  Alumni  of  this  college  and  all  students  recognized  as  upperclassmen,  and 
registered  in  the  College  of  Civil  Engineering,  are  eligible  to  membership  in  this 
Association. 

3.  Any  eligible  person  may  become  an  honorary  member  by  a  two  thirds  vote  of 
the  members  present  at  any  regular  meeting.  Such  members  shall  have  privileges 
of  active  members  except  those  of  voting  and  holding  office,  and  shall  be  exempt 
from  all  dues. 

4.  The  membership  fees  for  this  Association  for  all  active  graduate  members 
shall  be  $100  per  annum.  All  money  received  from  such  membership  fees  shall 
be  devoted  to  defraying  cost  of  publication  of  non-resident  lectures  delivered 
before  the  Association.  All  other  expenses  of  this  Association  shall  be  met  by 
direct  tax  upon  the  undergraduate  members. 

5.  A  copy  of  each  lecture  delivered  before  this  Association  shall  be  forwarded  to 
each  member  of  the  Association. 

ARTICLE  III. 

OFFICERS. 

I.  The  officers  of  the  Association  shall  consist  of  a  President,  Vice-President, 
Recording  Secretar}',  Corresponding  Secretary,  and  Treasurer. 
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2.  The  President  shall  preside  at  all  nieelitigs  of  the  Association  and  enforce  the 
Constitntion  and  By-Laws,  and  shall  call  special  meetings  at  the  request  of  five 
active  members. 

3.  Tlie  Vice-President  shall  take  the  chair  at  ihe  request  of  ilie  President,  and 
shall  act  as  President  in  his  absence.  The  Vice-President  shall  be  chairman  of  the 
appointment  committee. 

4.  The  Recording  Secretary  shall  keep  minutes  of  the  proceedings  of  all  meet- 
ings of  the  Association  and  shall  post  notices  for  the  same. 

5.  The  Corresponding  Secretary  shall  attend  to  all  the  necessary  correspondence 
of  the  Association.    He  shall  be  elected  from  the  P'aculty  of  the  college. 

6.  The  Treasurer  shall  receive  all  money  and  dues,  and  shall  pay  all  bills  of  the 
Association,  such  bills  to  meet  the  approval  of  the  Executive  Committee  before 
such  payments.  He  shall  make  a  report  when  called  upon  by  the  Association  and 
also  when  his  term  of  office  exjntes.  He  shall  l)e  chairman  of  the  Executive 
Committee. 

7.  The  officers  shall  be  chosen  by  ballot  at  the  last  regular  meeting  of  the  spring 
term,  from  the  Junior  Class,  and  shall  hold  office  until  their  successors  are  elected. 

8.  All  vacancies  shall  be  filled  by  a  special  election — only  members  of  the  Senior 
Class  being  eligible  to  hold  office. 

ARTICLE  IV. 

COMMITTEES. 

1.  There  shall  be  three  Standing  Committees,  an  Executive  Committee,  a  Com- 
mittee on  Appointments,  each  consisting  of  three  members,  and  a  Publication 
Committee,  consisting  of  five  members.  These  committees  shall  be  appointed  by 
the  President  at  the  beginning  of  the  year. 

2.  The  Executive  Committee  shall  see  that  the  rooms  of  the  Association  are 
ready  for  occupancy  previous  to  all  meetings,  and  shall  transact  such  busnness  as 
may  be  referred  to  it  by  the  Association 

3.  The  Committee  on  Appointments  shall  make  appointments  for  all  literary 
exercises  for  each  meeting,  and  such  appointments  shall  l)e  posted  at  least  two 
days  before  the  meeting.  The  committee  shall  furnish  the  vSecretary  with  a  list  of 
such  appointments. 

4.  The  Publication  Committee  shall  have  charge  of  the  compiling,  publication, 
and  sale  of  the  Transactions. 

ARTICLE  V. 

AMENDMENTS. 

The  Constitution  or  By-Laws  ma^'  be  amended  by  a  two-thirds  vote  of  all  mem 
bers  present  at  any  regular  meeting  ;  such  amendment  to  be  before  the  Association 
at  least  one  week. 

AMENDMENT  I. 

The  initiation  fee  for  membership  to  this  Society  shall  be  one  dollar,  and  this  fee 
shall  cover  all  dues  for  the  first  year  of  membership.  For  each  succeeding  year, 
an  annual  due  of  one  dollar  shall  be  charged.  The  annual  membership  fee  shall 
entitle  the  member  to  a  copy  of  the  Transactions  published  during  such  year  of 
membership. 
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BY-LAWS. 


ARTICLE  I. 

REGULAR  MEETINGS. 

Regular  meetings  shall  be  held  once  in  two  weeks,  in  the  Association  rooms, 
commencing  on  the  first  Friday  after  registration  week,  and  ending  on  the  last 
Friday  but  one  before  examination  week  of  each  term. 

ARTICLE  II. 

QUORUM. 

One-third  of  the  active  undergraduate  members  of  the  Association  shall  constitute 
a  quorum.    No  business  can  be  transacted  without  a  quorum  being  present. 

ARTICLE  III. 

ORDER  OF  PROCEEDINGS  AT  A  REGULAR  MEETING. 

1.  Roll  call. 

2.  Minutes  of  Preceding  Meeting. 
3    Literary  Exercises. 

4.  Unfinished  Business. 

a.  Report  of  Standing  Committees 

b.  Report  of  Special  Committees. 

c.  Report  of  Officers. 

d.  Miscf Ibineous  Business 

5.  New  Business. 

6.  Adjonrnment. 

ARTICLE  IV. 

EXERCISES. 

The  exercises  shall  consist  of  discussiotis,  memoirs,  essays,  papers,  lectures,  and 
such  other  exercises  as  the  Association  shall  from  time  to  time  direct. 

ARTICLE  V. 

SUSPENSION  OF  BY-LAWS. 

A  By-Law  may  be  suspended  for  one  meeting  by  a  vote  of  two-thirds  of  the 
members  present. 

H.  R.  LORDLY, 

E.  J.  FORT, 

H.  D.  ALEXANDER, 

Committee. 


OFFICERS  FOR  1897-98. 


President, 
HARLKY  vS.  GIBBS. 
Viee- President, 
F.  I).  RHODEvS. 
Treasurer, 
JAS.  P.  WHISKEMAN, 
Corresponding  Secretary, 
PRO  I'.  CHAvS.  L.  C  RANDALL. 
Recording  Secretary, 
A.  H.  HORTON. 
Appointment  Committee, 
F.  D.  RHODES,  Chairman,  W.  J.  GRAVES, 

W.  H.  GELDER. 
Executive  Committee, 
JAS.  P.  WHISKEMAN,  Chairman,  A.  H.  HORTON, 

R.  H.  ANDERSON. 
Publication  Committee, 
C.  S.  MOORE,  Chairman,  O.  A.  WAIT 

EDGAR  JOHNSTON,  ALFRED  FRANK, 

WAGER  FISHER. 


PRESIDENT'S  ADDRESS. 


Members  of  the  Association  of  Civil  Engineers  of  Cor7iell  University: 

To-day  we  stand  at  the  close  of  the  fifth  year  since  the  re-organ- 
ization of  the  Association,  which  we  ma}'  safely  say  is  now  permanently 
established.  With  the  assurance  that  we  have  back  of  us  the  large 
number  of  graduate  members  amounting  to  over  four  hundred,  with 
their  loyalty  to  their  College  and  Association,  we  cannot  help  but  feel 
that  as  the  Association  grows  older  in  years  and  experience  it  will 
become  of  more  and  more  benefit  to  both  graduate  and  undergraduate 
members. 

A  brief  review  of  the  work  done  for  the  past  year  may  not  be  un- 
interesting. 

Meetings  have  been  held  every  two  weeks  throughout  the  year.  The 
programmes  have  consisted  of  lectures  by  non-resident  engineers  of 
special  ability  in  their  particular  branches  of  the  profession,  of  lectures 
by  members  of  the  faculty  and  instructing  body  of  the  College,  and  of 
the  usual  addresses,  papers  and  discussions  by  the  members  of  the 
Association.  At  one  meeting,  after  listening  to  a  very  interesting  talk 
by  Professor  Church,  upon  the  construction  of  the  new  hydraulic 
laboratory,  tlie  body  adjourned  to  the  site  of  operations  to  view  the 
work  just  described.  Upon  another  occasion  the  Association  took  an 
excursion  to  Athens  and  Sayre,  Pa.,  where,  under  the  direction  of  Pro- 
fessor Jacoby  the  works  of  the  Union  Bridge  Co  ,  and  the  car  and  loco- 
motive shops  of  the  Lehigh  Valley  R.  R.  were  inspected.  Of  special 
interest  among  the  lectures  given  b}^  the  faculty  may  be  mentioned 
that  by  Professor  Fuertes,  the  Director  of  the  College  upon  "  The  Sani- 
tation of  Santos,"  that  by  Mr.  Ogden  on  "  The  Ithaca  Sewer  System," 
and  that  by  Professor  Jacoby  on  "  Tlie  Filing  of  Clippings,  Circulars, 
Manuscript  Notes,  and  References  to  Articles  in  Periodicals, "  which, 
though  given  before  some  three  years  ago  was  repeated  by  request. 
We  highly  appreciate  the  interest  which  the  members  of  the  faculty 
take  in  the  meetings,  for  which  I  extend  them  our  sincere  thanks. 

Following  the  advice  of  our  last  year's  president,  the  constitution  has 
been  slightly  revised  so  as  to  correspond  with  our  present  needs. 

It  gives  me  great  pleasure  to  state  that  though  we  have  been  in  debt 
for  a  number  of  years,  the  amount  being  $60  three  months  ago,  owing 
to  the  efforts  of  our  Corresponding  Secretary  to  collect  back  dues  froni 


X  Associatio7i  of  Civil  En^iiieers  of  Cornell  JJjiiversity. 


the  graduate  members  and  to  the  hearty  response  which  he  met  with; 
tliis  lias  been  entirely  cleared  off,  leaving  us  with  a  balance  in  the 
treasury. 

I  would  take  this  oi)portunity  to  say  to  the  graduate  members  that 
if  we  are  lo  contiiuie  to  publish  the  Transactions  we  nuist  have  your 
support.  It  seems  to  be  asking  a  very  little  from  each  one,  and  yet 
upon  it  depends  the  future  existence  of  our  publication,  the  merit  of 
which  you  all  recognize.  We  most  cordially  thank  those  of  you  who 
have  been  so  kind  as  to  contribute  valuable  articles  to  the  Association, 
a  number  of  which  will  be  found  in  Vol.  VI  of  the  Transactions. 

Our  books  show  an  undergraduate  membt  rship  of  43,  besides  4  grad- 
uates taking  work  in  the  College  who  are  in  regular  attendance.  Of 
these  I  regret  to  say  that  the  average  attendance  at  meetings,  not  non- 
resident lectures,  has  been  but  about  20. 

Why  is  it,  that  in  glancing  over  the  addresses  of  the  past  presidents, 
we  find  in  nearly  every  instance  that  an  urgent  appeal  is  made  to  keep 
up  the  interest  in  the  meetings,  which  is  likewi.se  repeated  by  the  retiring 
president  ?  It  seems  to  indicate  two  things,  ist,  that  the  benefit  to  be 
derived  from  these  meetings  is  worth  more  than  the  time  and  trouble 
spent  in  their  attendance,  and  2nd,  that  there  is  a  tendency  on  the 
part  of  the  members  to  fail  to  fully  appreciate  this  benefit.  Besides 
the  knowledge  acquired  upon  engineering  subjects  by  those  who  merely 
listen,  there  is  (and  this  is  of  more  importance)  the  experience  gained 
by  those  who  take  an  active  part.  It  is  particularly  this  latter  point 
which  we  now  fail  to  appreciate,  but  will  realize  it  later  when  the  op- 
portunity liris  passed.  As  our  Director  has  often  said,  though  an  engi- 
neer may  fully  understand  his  subject,  unless  he  is  able  to  convince 
others  that  he  does  understand  it,  he  will  never  be  truly  successful. 
Taking  part  in  the  meetings  of  the  Association  is  an  excellent  method 
for  developing  this  abilit}'. 

I  would  hence  advise  that  the  appointment  committee  make  a  special 
effort  to  have  as  many  as  possible  of  the  members  contribute  to  the 
programmes.  As  soon  as  possible  at  the  beginning  of  the  term  make 
out  a  program  for  the  whole  term,  giving  all  ample  time  for  prepara- 
tion. Attendance  at  and  participation  in  the  meetings  should  be  made 
a  privilege  and  a  pleasure,  and  not  alone  a  duty.  Begin  the  meetings 
promptly  on  time  and  have  them  brief  but  interesting.  I  would  recom- 
mend that  one  or  two  excursions  be  taken  during  the  year  to  some 
nearby  plant  or  work  of  engineering  interest.  In  this  way  all  the 
members  are  brought  together  in  a  social  and  informal  way,  which 
cannot  but  strengthen  the  interest  in  the  Association,  to  say  nothing  of 
the  methods  of  engineering  practice  learned. 
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On  behalf  of  the  Association  I  wish  to  thank  Professor  Crandall  who 
for  years  has  contributed  largel^^  to  the  success  of  the  Transactions, 
and  as  Corresponding  Secretary  has  worked  faithfulh^  for  our  interests. 

To  the  committees  on  Publication  and  Appointments  together  with 
the  other  officers  of  the  Association  we  owe  much  for  the  manner  in 
which  they  have  performed  their  duties,  which  in  most  cases  involve 
the  expenditure  of  much  time  and  labor. 

Thanking  you  for  the  support  which  you  have  given  to  the  President 
and  to  the  Assoctation  for  the  past  year,  and  with  best  wishes  for  its 
future  success  in  all  its  lines  of  work,  I  must  bid  you  farewell, 

Harley  S.  Gibbs. 

May  13th,  1898. 
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MEMBERS  OF 
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CORNELL  UNIVERSITY. 

Ahi,  Graduates  of  thk  Couj-.g)-,  of  Civil  Engim-.kking  up  to 
AND  Including  1898. 

Tlie  address  on  the  line  with  tiie  name  is  the  home  or  j)fiinaueni  one  ;  that  on 
the  line  below  is  the  business  or  usually  more  temporary  one.  Wlieu  oulv  one  is 
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Ayres,  C.  Morton  C.E.,  '94;  M.  Mich.  Ornithological  Club. 

Recdr. ,  Improving  St.  Mary's  River,  U.  S.  Engr's.  Office, 

Sault  Ste.  Marie.  Mich. 

Bac.-^n.  Geo.  Morgan  .  C^". ,  '93    West  Medford,  Mass. 

Transitman,  Boston  Transit  Com.,  20  Beacon  St.,  Boston,  M^ss 
Bailey,  Earl   B  C^"  .  '94  E.  Aurora,  N.  Y. 

Trav.  Salesman,  The  G.  N.  Pierce  Co.,  566  Main  St  ,  Buffalo,  N  Y. 
Baker.  Chas.  H  C.E  ,  '86  Seaiile,  Wash. 

President  Snoqualmie  Falls  Power  Co 
Baker,  Howard  W  C.E..  S6  .   .   .   .  230-236  Adams  St.,  Chicago,  III. 

Butler  Bros.,  .Asst.  Manager. 
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Balconi,  H.  Gage   C.E.,   Bergen,  Genesee  Co.,  N.  Y. 

Draftsman,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 
Baldwin,  Ernest  H.  .     C^.,  '92     ...  23  Prospect  St  ,  Clinton,  Mass. 

With  Met.  Water  Board. 
Banks,  John  E.   C  E.,  '92    Knoxville,  la. 

Principal  Anglo-Chinese  School,  Singapore,  S.  S.,  Asia. 
Barbour,  Irwin  W   C.E.,  '94   Woodfords,  Me. 

City  Engineer,  Deering,  Me. 
Bardol,  Frank  V.  E  .   .  C.E.,  '89;  M.  Eng.  Soc.  W.  N.  Y  ;  437  E  Uiica  St. 

Ch.  Engr.,  Board  Public  Works,  13  City  Hall,  Buffalo,  N.  Y. 
Barnes.  Fred  A  .  C.E.,  '97  .   .  .   .     Stock  bridge,  Mass. 

Grad.  Scholar  in  C  Engrg.,  Cornell  University. 
Barros,  Carlos  Paes   de  C.E.,'']6  \  18  Rua  vSanta  Ephigenica, 

Coffee  Planter.  Sao  Paulo,  Brazil. 
Battin,  Henry  W.  .  '81  Baraboo,  Wis. 

Asst.  Supt.,  C.  &  N.  W.  Ry. 

Beahan,  Willard  C.E.,  '78;  M.  Am.  Soc  C.  E. ,  M.  St.  L  E  Club  ; 

Watkins,  N.  Y. 

vSuperinteiident  Cascade  Tunnel,  Wellington,  Wash. 

Bean,   Milford    C  CE,'-]2   McGrawville,  N.  Y. 

Manufacturer. 

Beardsley,  James  W.  .  .  C.E.,  '91  ;  M.  West.  Soc.  C.  E. 

Asst.  E"gr.,  Sanitary  Dist.  of  Chicago,  Lockport,  111. 
Becker,  Charton  L  C  E.,  '88  .   .  Sterlingville,  N.  Y. 

Contractor  and  Builder,  166  Devonshire  St  ,  Boston,  Mass. 
Beebe,  Roscoe  C  C.E.,  92  .     Athens,  Pa. 

Engr.,  Union  Bridge  Co. 
Bellinger,  Lyle  F.  .   .     C.E.,  '87;  M.  S.  &  S.  W.  Ry.  Club  ;  Ilion,  N.  Y. 

Ry.  &  Municipal  Engineer,  i^yi  N.  Forsyth  vSt.,  Atlanta,  Ga. 
Benson,  Orville  C.E.,  '88  ;  M.  O.  Soc.  Surv.  and  C.  E.;  Canton,  O. 

Struct.  Engr.,  Wrt.  Iron  Br.  Co.;  Cons.  Engr.,  '1  honias  &  Benson,  Archts. 
Beye,  John  C.  ....  ,  '83  ;  M.  West.  Soc.  Engrs.       Oshkosh,  Wis. 

Asst.  Engr.,  U.  S.  Engr.  Corps,  Oshkosh. 
Bishop,  Hubert  K   Ci5;\,  '93    Fairport,  N.  Y. 

.Asst  Engr.,  N.  Y.  State  Canals. 
Bis.sell,  Frank  E.  C.E  ,  '78,  M.C.E.,  '79;  M.  Am.  Soc.  C.  E. 

Asst.  Engr.,  Wheeling  &  Lake  Erie  Ry.,  421  Spitzer  Bldg.,  Toledo,  O. 
Blake.  Henry  E.  ...     C.E.,  '73  .   .         12  Walnut  vSt.,  N.  Adams,  Mass 

Asst.  in  City  Engineering  Department. 
Boright,  William  P.  .     C.E.,  '92,  M.C.E.,  '94;  Jan.  Am.  vSoc.  C.  E. ; 

Chatham,  N.  Y. 

Bowen,  Coryden  H.  .   .  C.E.,  '93  .   .    Leroy,  N.  Y. 

Roadmaster,  C.  &  N.  W.  Ry.,  Eagle  Grove,  la. 
Bowes,  Thomas  F  C.E.,  '91  Bath,  N.  Y. 

Asst.  Engr.,  Street  Dept.,  30  Tremont  St.,  Boston,  Mass. 
Bowman,  Daniel  W.  .  C.E.,  '72  Phoenixville,  Pa. 

Asst.  Engr.,  Phoenix  Iron  Co. 
Boynton,  Edmond  P  C.E.,  '93;  Secy.-TreaS.  la.  Eng.  Soc. 

City  lingr.,  Boynton  &  Warriner,  Civil  Engrs.,  City  Hall,  Cedar  Rapids,  la. 
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Bramhall,  William  E  C.E.,  '77,  LL.B.  .   506  Iglehnrt  vSt. 

I^awyer,  508-11  N.  Y.  Life  Bldg.,  St.  Paul,  Minn. 
Brewer,  Isaac  C  C.E.,  '89;  M.  vSouth.  Soc  C.  E.  .  .  vSandusky,  O. 

City  Civil  Engr. ;  Supt.  &  Chemist,  Jarecki  Cheni.  Works. 
Brooks,  George  G  C-fi".,  '94  vScranlon.  Pa. 

Cli.  Engr.,  Greenwood,  Langcliffe  &  I.afliii  Coal  Cos. 
Brown,  Allan  J  C.E.,  '96  33  E.  Catharine  St.,  Oswego,  N.  Y. 

Drftn.,  Real  Est.  Acct's.  Office,  C.  K.R.  of  N.  J.,  43  Liberty  St.,  New  York. 

Brown,  Homer  C  C.E.^  97. 

1031  6lh  Ave.,  New  York,  Care  C.  L.  Kellogg. 

Inspr.,  People's  Gaslight  &  Coke  Co..  EHicott  vSq.,  Buffalo,  N.  Y. 
Brown,  William  C.E.,  '93  Belfast,  N.  Y. 

Draftsman,  Rites  &  Conley  Co.,  Allegheny,  Pa. 
Brownell,  James  P  C.E.,  '91      .   .    Carthage,  N.'  Y. 

Civil  Engineer. 

Bruen,   Frank  ....      C^".,  '78  Forest  Ave  ,  Dayton,  O. 

Salesman,  Sessions  I'oundr>  Co  ,  Bristol,  Conn. 

Bryson,  Thomas   H.  .   .  C.E.,  '94   Mechanicsburg,  Pa. 

Bullis,  Abram  R.  .   .        B.S.,C.E.,  '92;  M.  Am.  Math.  vSoc.       Macedon,  N.  Y. 

Burns,  Justin  A  C.E.,  92  ;  Assoc.  M.  Am.  Soc.  C.  E. ; 

35  Gotham  vSt.,  Watertown,  N.  Y. 

Asst.  Engr.,  Dept.  Bridges,  Borough  of  Bronx,  3rd  Ave.,  New  York. 
Carlin,  Joseph   P.      ...         C.E..  '97  .   .     113  Clinton  Ave  ,  Brooklyn,  N.  Y. 

Civil  Engineer,  186  Remsen  St. 
Carpenter,  Fred  W.  .   .  C  E.,  '84  29  Lafayette  Ave.,  lirooklyn,  N.  Y. 

Asst.  Engr.,  Dept.  Highways,  Borough  Brooklyn,  21  Municipal  Bldg. 
Church,  Irving  P.         •   •        C.E.,  '73,  M.C  E.,  '78  .   .  Ithaca,  N.  Y. 

Prof.  Applied  Mechanics  &  Hydraulics,  Cornell  University. 
Clark,  Charles  H   C.E.,  '92  ...   .  Canastota,  N.  Y. 

Contr's.  Engr.  &  Supt.,  Care  T.  W.  Harris,  1335  FSt.,  N.W  Wa.shington,  D.  C. 
Clark,  Dan  B.  C.E.,  '93  .  52  Washington  Park,  Newtonville,  Mass. 

Transitnian,  Metropolitan  Water  Poard,  Clinton,  Mass. 
Clark,  Frank  B   C.E.,  '96  Fulio.i,  N.  Y.  (West  Side). 

Civil  Engineer, 

Clark,  Thomas  vS  C.E.,  '94;  M.  Omaha  Tech.  Club  .   .  Omaha,  Neb. 

Asst.  Engr.,  U.  P.  R.R.  Co.,  Ch.  Eugr's.  Office,  Omaha. 

Clay,  Francis  W.  H  C.E  ,  '93,  LL.B.,  LL.M  ,  M.  Pat.  Law, 

Whitehall,  Ky. 

Asst  Examiner  Patents,  L'.  S.  Patent  Office,  Washington. 
Coe,  Ira  J.  .   .  '94   Dover,  N.  J. 

Civil  Engineer,  11 1  Broadway,  New  York. 
Colburn,  D.  Kent  .   .         .   .  C.E.,  '72   Houston,  Texas. 

Supt.  Bridges  &  Bldgs.,  S.  P.  R.R.  Co.,  Atlantic  System,  Houston. 
Collins,  Charles  W.  ,  .  C.E.,  '89   Greenwich,  N.  Y. 

Asst.  Engineer,  The  Johnson  Co.,  Johnstown,  Pa. 
Colnon,  Rednon  S  C.E.,  '87;  M.  Engr's  Club,  St.  Louis. 

Contractor,  i[8  Laclede  Bldg.,  St.  Louis,  Mo. 
Colsten,  Albert  L  C.E.,  '95  Binghamton,  N.  Y. 

Prof.  Math.  &  Mech.  Dr.,  Oahu  College,  Honolulu,  H.  I. 
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Comstock,  Charles  W.     .  .  C E.,  Met.E.,  M.C.E.,  '94,  Ph.D.,  '98  ;  Jun.  Am. 

Soc.  C.  E.,  Sec}'.  Col.  Scientific  Soc;  278  S.  Lincoln  Ave  ,  Denver,  Colo. 

Prof.  Civil  &  Mining  Eng.,  Colorado  Stale  School  of  Mines,  Golden. 
Conable,  Morris  R.     .      .     C.E.,  '76,  M.S.  82  E.  5th  St,  St.  Paul,  Minn. 

Employing  Printer. 

Conger,  Alger  A.  C.E.,  '97  Gonveneur,  N.  Y. 

Recorder,  U.  S.  Deep  Waterways  Survey. 

Cornell,  Oliver  H.  P.  .        M.C.E  ,  '74   Ithaca,  N.  Y. 

Supt.,  Chesapeake  &  W.  R.R.;  Ch.  Engr.  Old  Doni.  Constr.  Co., 
Harrisonburg,  Va. 
Cory,  Harry  T.  .   .  B.M.E.,  B.C  E.,  M  C  E..  93;  Jun.  Am.  Soc.  C.  E  , 

Jun  Am.  Soc.  M.  E. 

Prof.  Civil  Engrg..  Univ.  of  Mo  ,  Columbia,  Mo. 
Couch,  Vinton  M.     .  .   .  C.E.,  '92  ....     Odessa,  N.  Y. 

Asst.  Engr.,  Bur.  Water  Supply ,  City  Hall,  Pittsburg,  Pa. 
Cox,  Homer  F  C^".,  '97    ...  Wellsboro,  Pa. 

Asst.  Div.  Engr.,  Rich.,  Petersburg  &  Carolina  R.R.,  Petersburg,  Va. 
Crandall,  Charles  L.  C.E.,  '72,  M.C.E. ,  '76;  M.  Am.  Soc.  C.  E. 

Prof  Civil  Engineering,  Cornell  University,  Ithaca,  N.  Y. 

Crane,  Albert  S  C.i^.,  "91  ;  Jun.  Am.  Soc.  C.  E., 

Mem.  Bos.  Soc.  C.  E.,  Mem.  Brook.  E.  Club. 

Asst.  Engr.,  Dept.  Sewers.  Borough  of  Brooklyn,  50  Municipal  Bldg. 
Crouch,  Nelson  S  C.E.,  '90;  M.  C.  E.  Club,  Cleveland. 

Miller  and  Grain  Dealer,  240  E.  8th  St.,  Erie,  Pa 
Cummings,  Elmore  D  Cfi". ,  '89  .  .   .  ....     Indiana,  Pa. 

With  Pitisburg  Bridge  Co.,  Aspinwall,  Pa. 
Cummings,    Noah  C.E.,  '94;  Jun.  Am.  Soc.  C.  E.    Chaseville,  N.  Y. 

Asst.  Engr.,  Board  Pub.  Impvts  ,  3d  Ave.  and  117th  St.,  New  York. 
Curtis,  Charles  E  CE.,  '85  217  Cedar  St.,  Corning,  N.  Y. 

Instrumentman,  U.  S  Deep  Waterways  Survey,  Phoenix,  N.  Y. 
Curtis,  Charles  W  .  .  .  C.E.^^^,  LL.B.  .  Washington,  D.  C. 

Advertising  Manager,  Sill  Stove  Works,  Rochester,  N.  Y. 
Curtis,    Gram  .        C.E.,  '72  .   .   .  .60  Wallace  Ave.,  New  Castle,  Pa. 

Engineer,  Shenango  Valley  Steel  Co. 
Curtis,  Winthrop  L  C.E.,  '92   Horseheads,  N.  Y. 

Asst  P>igr.,  West.  Div.  N.  Y  State  Canals,  Lockport. 
Davenport,  Ward  P.  C.E.,  '93   Plymouth,  Pa. 

Supt.  Plymouth  Water,  Light,  Heat  and  Power  Co. 

Davis,  Carl  E  C.^.,  '91  ;  M.  West.  Soc.  Etigrs. ; 

1000  Main  vSt.,  Council  Bluffs,  la. 

C.  E.  and  Building  Sujtt.,  Office  41  at  5502  Halsted  St.,  Chicago,  111. 
Davis,  Charles  S  CE.,  '89;  M.  O.  Soc.  Surv  and  C.  E.;  Toledo,  O. 

Chief  Engr.,  Massillon  Bridge  Co.,  No.  i,  Darst  Block. 
Davis,  Lynn  L.  .   .  .  CE.,'<^6   Clear  Creek,  N,  Y. 

U.  S.  Chief  Inspr.,  noi  D.  S.  Morj;an  Bldg.,  Buffalo,  N.  Y. 
De  Lano,  Harry  C  C^.,  '95  ;  M.  P'ranklin  Institute  ;  Canastota,  N.  Y. 

Asst.  Engr.,  Docks  and  Ferries,  New  York. 

Devin,  George  C.E.,  '73  ;  M.  Am.  vSoc.  C.  E.; 

184  La  Salle  St.,  Chicago,  111. 
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Dickinson,  J.  Haines         .         C.E.,'<)0  4 lo  Canal  vSt.,  New  Oi leans,  La. 

Man'g.  Engr.,  Sonlh.  Of.  Lridgerwood  Mf^,  Co.;   Ki  gr.  Woodward,  Wright 
&  Co.,  Ltd. 

Dillenbeck,   Clark  ,  C.E.,  '88;  M.  Engr  Club,  Philadelphia; 

Palatine  Bridge,  N.  Y. 

Asst.  P:iigr.,  P.  &  R.  Ry.,  Arch't.  and  Bldg.  Work,  Room  516,  Reading  Ter- 
minal, Philadelphia. 

Dimon,  Daniel  Y  CZf.,  '96  .   .  ...     Riverhead.  L.  L,  N.  Y. 

Engr  with  Works  &  Briggs,  Contrs. ,  145  Main  St.,  Fitchburg,  Mass. 
Dimon,  Henry  G   Ci5".,  '87    .   .  Groton,  N.  Y. 

Engineer  of  Bridges. 
Dingle,  James  H  C.E.,  '92  ;  Jun.  Am.  vSoc,  C.  E.  .  Charleston,  vS.  C. 

City  vSurveyor, 

Dixon,  De  Forest  H  C.E.,  '96  .  .  580  Milwaukee  St.,  Milwaukee,  Wis. 

Asst.  to  L  A.  Shaler,  C  E.,  Ithaca,  N.  Y. 
Dodge,  J.  Lytin  C/i.,  '94  We.st  Winfield,  N.  Y. 

Asst.  PvUgr.  with  Boston  Terminal  Co.,  180  vSummer  St.,  Boston,  Mass. 
Dodgson,  Frank  L  C.E.,  '89  .   .  414  E  and  B.  Bldg.,  Rochester,  N.  Y. 

Engr.,  Pneumatic  Ry.  vSignal  Co. 
Doerfliuger,  Augustus  .  CjG".,  '71  .   .  .85  Lafayette  Ave..  Brooklyn,  N.  Y. 

U.  vS.  Asst.  Engr.,  Army  Bldg.,  New  York. 

Dole,  Walter  S  '92  ;  M.  West.  Soc.  C.  E., 

M.  Am.  Gas  Light  Assoc.;  People's  Gas  Co.,  Chicago,  111. 

Supt.  S.  Station  People's  Gas  Lt.  and  Coke  Co.,  Deering  and  Cologne  Sts. 
Doores,  William  R   C^.,  '93  .  .  804  19th  vSt.  N.  W.,  Washington,  D.  C. 

Civil  Enj^r. ,  Room  20,  Chief  of  Eugrs.  Office,  War  Dept. 
Dowling,  Joseph  L  C.E.,  '89   .  Lima,  O. 

Engr.  Buckeye  Pipe  Line  Co. 
Downey,  Archibald  S  C.E.,  '96  550  Jackson  Boul.,  Chicago,  111. 

Asst.  to  Resident  Engr.,  Cornell  Hydraulic  Const.,  Ithaca,  N.  Y. 

Duckham,  Albert  E  C.E.,  '90  ;  M.  E.  Soc.  W.  Pa.; 

232  Rebecca  St.,  Pittsburg,  Pa 

Asst.  Engr.,  Rec't'n.  of  Yards,  Laugblin  &  Co. ;  Prin.  Asst.  Engr.,  P.  &M.  R.R. 
Duffies,  Edward  J  C.E.,  '88;  Mem.  N.  A.  S.  C.  E.     .  Duluth,  Minn. 

Prin.  Asst.  City  Engr.,  City  Hall 
Dunham,  Walter  H  CE.,  '94  1453  LinwoodSt.,  Cleveland,  O. 

With  the  King  Bridge  Co. 
Dunn,  Frank  S  C.E.,  '92  Troy  Road,  Albany,  N.  Y. 

Supt.  Municipal  Gas  Co 
Duryea,   Edwin,  Jr.  .     C.E.,  '83;  M.  Am.  Soc.  C.  E.,  M.  Wes.  Soc.  Engrs. 

Resdt.  Engr.,  Brooklyn  Work,  New*  East  River  Bridge,  84  Broadway. 
Dyson,  James   C E.,  '78  .         1 2th  and  Reese  Sts. ,  Silverton,  Colo. 

Civil  and  Mining  Engr.,  U.  S.  Deputy  Mineral  Surveyor. 
Earl,  Mark  A.  .  B  S.,  M.CE  ,       .   .         .  .   .  Centralia,  111. 

Civil  Engineer,  908  Fisher  Bldg.,  Chicago,  111. 
Eddy,  Henry  T.       A.B.,  M.C.E  ,  '70,  Ph.D.  \  M.  Am.  Phil.  Soc,  M.  A.  A.  A.  S. 

Prof,  of  Engfg.  andMech.,  Univ.  of  Minn.,  Minneapolis,  Minn. 
Edwards,  James  H.  .  .  C.E.,  '88;  Assoc.  M.  Am.  Soc.  C.  E. 

Chief  Engr.,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 
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Ehle,  Boyd  C.E  ,  86  ;  Assoc.  M.  Am.  Soc.  C.  K.; 


Fort  Plain,  N.  Y. 

Civil  Engineer,  Greytown,  Nicaragua,  C.  A. 
Eidlitz.  Otto  M  .  .  C.E.,  '8i   995  Madison  Ave. 

Builder,  489  5th  Ave.,  New  York. 
Emmons,  Charles  M.  C.E. ,  SS. 

U.  S.  Asst.  Eugr.,  U.  S.  Engrs.  Office,  Erie,  Pa. 
Enos,  George  \V.   C.E.,  '96  Cbaumont,  N.  Y. 

With  J.  W.  Hoffman  &  Co  ,  Govt.  Fortification  Work,  New  London,  Conn. 
Erisman,  Henry  L.  C.E.,  '92  .   .   .  ...         Wilhelm,  N.  Y. 


Asst  Engr. ,  Kansas  City,  Osceola  &  Southern  Ry.,  Osceola,  Mo. 
Etnyre,  Samuel  L.         .   .   .     C^.,  '88  ;  M.  Omaha  Tech.  Club. 

City  Engineer,  Council  Bluffs,  Iowa. 
Ewing,  William  B.  .  .  .  C.E.,  '83  ;  Assoc.  M.  Am.  Soc.  C.  E  ,  M.  W.  Soc.  E. 

Civil  and  Sanitary  Engineer  ;  Ciiy  Engineer,  La  Grange,  111. 

Falkenau,  Louis  C.E.,  '73,  M.C.E.,  '77; 

iii6vStock  Exchange  Building,  Chicago,  111. 

General  Contractor  and  Builder,  Falkenau  Construction  Co. 
Farmer,  William  F.  .   .  C.E  ,  '^6  .   .     220  Palisade  Ave.,  Jersey  City,  N.  J. 

Superintendent  Cooperage  Factor}-. 
Farnham,  Irving  T  C.E.,  '92;  M.  Boston  Soc.  C.E. ;  West  Newton,  Mass. 

Assistant  City  Engineer. 
Farrington,  William  S.  C.E  ,  '88  .   .     424-425  Kirk  Bldg.,  Syracuse,  N.  Y, 

Member  Firm  of  Allan,  Farringion  &  Co.,  Civil  Engineers, 

Felton,  Charles  E  C.E.,  '98  .       .        N.  Tonawanda,  N.  Y. 

Ferguson,  Oscar  W  C.E  ,  "75  ;  M.  St.  Louis  E.  CI.;  2i28McCauslane  Ave. 

U.  vS.  Assistant  Engineer,  St.  Louis,  Mo. 

Ferris,  George  F.  C.E.,  '81   Claremont,  Cal. 

Filkins,  Claude  W.  L  .   .        C.E.,  '93,  M.C.E.,  94  .  212  S.  4th  St..  Olean,  N.  Y. 

Instructor  in  Civil  Engineering,  Cornell  University, 

Firth,  Elmer  W   C.E.,  '9^  ;  Jun.  Am.  Soc.  C.  E  ; 

473  14th  St.,  Brooklyn,  N.  Y. 

Columbia  University,  Post  Graduate  vStudent  in  Sanitary  Engineering. 
Fish,  John  C.  L  C-fi".,  '92;  Jun.  Am.  Soc   C.  E.  .   .   .  Florence,  O. 

Assistant  Professor  Civil  Engineering,  Palo  Alto,  Cal. 
Fisher.  Bertrand  H.  .  C  E.,  '85     ...  /ooj  1-2  Broadway,  Oakland,  Cal. 

Supi.  Alameda,  Oakland  &  Piedmont  Electric  Ry. 
Fort,  Edwin   J.  C.i5"..  '93,  i^.  T./f.,  '94  ; 

AS.SOC.  M.  Am.  Soc.  C.  E.,  M.  Brook.  E.  Club. 

Asst.  Engineer,  Borough  of  Brooklyn,  Municipal  Bldg.,  Brooklyn,  N.  Y. 
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Rosier,  David  M.  .   .  CE.,  '95;  M.  la  Soc  C  E.  .   .   .     Kingston,  Pa. 

As.'-t  City  Engineer,  Cerlar  Rapids,  la. 
Rosstnan,  Clark  G.  .  C-h.^T^.  M.D  .   .  .   .  Ancram,  N.  Y. 

House  Surgeon  and  Physician,  Hood  Wright  Hospital,  New  York. 
Runette,  Harry  K.  .  C.E.,  '96. 

In  Estimating  Dept  ,  Keystone  Bridge  Works,  Pittsburg,  Pa. 
Rutledge,  Arthur  E.  .  C.E..  '86;  M.  We.st.  Soc  Engrs.  .   .  Rockford,  111. 
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Prof.  Applied  Math.,  Univ.  of  Texas,  Austin. 
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Jesse  Alanson  Rogers. 

The  many  friends  of  Jesse  A  Rogers,  C.  E.  '91,  will  l)e  ])ained  to 
learn  of  his  sudden  death  near  Evans  Mills,  N.  Y.,  at  5  ]">.  ni.  vSaturday, 
A])ril  2\.  1H97. 

As  a  student,  Mr.  Rogers  was  esceptionally  faithful  and  thorough 
and  his  development  and  engineering  successes  have  been  brouglit 
about  by  his  ])atient  determination.  He  was  a  hardworking  student 
and  had  at  all  times  the  respect  and  good  will  of  his  fellows. 

For  several  years  after  graduation,  he  was  with  the  Berlin  Iron 
Bridge  Co.,  of  East  Berlin,  Conn.,  devoting  himself  to  that  branch  of 
Engineering  which  he  had  chosen  for  himself. 

For  the  year  before  his  death,  he  had  been  em])loyed  by  the  Solvay 
Process  Co.,  of  Syracuse,  and  a  few  weeks  before  his  death  he  had 
undertaken  the  management  of  two  farms  at  his  old  home. 

He  was  married  in  1896  to  Miss  Burnham,  of  New  Haven,  Conn., 
who,  with  his  three  brothers  and  his  father  and  mother  have  the  sym- 
pathy of  all  his  old  associates. 

His  illness  was  at  first  a  sliglit  attack  of  pneumonia,  developing 
within  a  week  into  the  er3'sipelas  which  proved  fatal. 

Almon  C.  Greene,  C.  E.,  '75. 

The  death  of  Almon  C.  Greene  occurred  on  July  28  of  last  year  at 
Copenhagen.  Lewis  Co.,  N.  Y.,  at  ilie  age  of  forty-four,  after  a  long 
and  painful  illness. 

For  several  years  after  graduating  he  was  engaged  in  teaching,  but 
he  soon  received  an  appointment  to  a  clerkship  in  the  State  Senate  at 
Albau}'  and  was  afterwards  promoted  to  the  position  of  Junior  Clerk, 
which  place  lie  held  for  five  years. 

Later  his  numerous  business  interests  claimed  his  attention  .so  that 
he  never  entered  the  active  practice  of  his  profession. 

Some  four  3'ears  ago  his  health  failed  and  much  of  his  time  was  after- 
wards spent  in  Colorado  in  the  hope  that  the  change  of  air  would  stay 
the  progress  of  the  dreaded  disea.se,  consum})tion.  About  a  year  ago 
he  returned  to  Copenhagen  and  soon  began  to  fail  quite  rapidly. 

He  was  genial  and  public  spirited  and  had  many  friends  both  at  home 
and  throughout  the  .state.  Alwa3'S  honorable  and  upright  his  death  is 
deeply  regretted  by  all  who  knew  him. 

A  wife  and  one  child  survive  him,  as  also  a  brother. 


A  FEW  CONSIDERATIONS  OF  MUNICIPAL  WATER  SUPPLY, 
WITH  SPECIAL  REFERENCE  TO  THAT 
OF  ROCHESTER,  N.  Y.^ 

BY   E.   KUICHLING,  C.E 

The  subject  of  the  water  supply  of  large  communities  presents  so 
many  matters  of  interest,  that  it  becomes  impossible  to  review  all  of 
them  within  the  limits  of  a  single  lecture  ;  and  as  considerable  time  is 
needed  for  exhibiting  the  numerous  lantern  slides  of  views  taken  during 
the  construction  of  the  new  conduit  of  the  Rochester,  N.  Y.,  Water 
Works,  which  will  doubtless  be  more  entertaining  than  any  written 
description  of  the  work,  it  has  been  deemed  expedient  to  restrict  the 
introductory  remarks  to  some  cursory  glances  at  a  few  of  the  principal 
problems  of  water  supply  engineering. 

The  first  of  these  problems  is  the  determination  of  the  proper  quality 
and  quantity  of  water  which  should  be  provided  per  head  of  population 
per  day  ;  and  when  this  has  been  done,  the  most  expedient  source  from 
which  it  is  to  be  obtained  can  be  considered.  With  regard  to  quality, 
it  may  briefly  be  stated  the  water  should  be  as  pure  as  possible,  remem- 
bering that  absolute  purity  is  practically  unattainable.  From  long 
experience,  certain  numerical  limits  of  impurity  have  been  fixed  by 
chemists  and  biologists,  within  which  a  water  supply  may  be  considered 
as  good  or  tolerable,  and  beyond  which  it  should  be  rejected  without 
hesitation  ;  but  there  is  always  difiiculty  in  deciding  how  near  to  any 
limit  a  suspicious  water  may  come  and  still  be  used  with  a  reasonable 
degree  of  safety.  The  difficulty,  moreover,  is  greatly  increased  when 
the  procuring  of  a  supply  from  a  different  and  more  desirable  source 
involves  much  more  expense. 

In  estimating  the  quality  of  drinking  water,  reference  is  made  to  the 
respective  amounts  of  mineral  and  organic  matter  which  is  found  in  the 
source  ;  and  when  this  work  is  done  in  a  thorough  manner,  every  effort 
is  made  to  determine  the  character  and  condition  of  the  organic  matter. 
The  microscope  is  a  valuable  aid  in  this  connection,  as  it  enables  us  to 
recognize  forms  of  vegetable  and  animal  life,  and  also  at  times  the 
products  of  their  disintegration  and  decomposition.    Careful  inspection 

^Lecture  delivered  by  E.  Kuichling,  C.E.,  Chief  Engineer  Rochester  Water 
Works,  before  the  College  of  Civil  Engineering  of  Cornell  University. 
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of  the  source  of  the  supply  and  its  surroundings  is  likewise  of  utmost 
importance,  in  order  to  account  intelligently  for  the  presence  of  the 
matter  which  may  be  found  in  the  laboratory. 

The  mineral  or  inorganic  matter  which  is  contained  in  the  water  is 
generally  determined  with  great  facility  and  accuracy,  but  it  is  quite 
different  in  the  case  of  organic  material.  This  consists  mainly  of  car- 
bon, hydrogen,  nitrogen  ai:d  oxygen,  united  in  various  proportions. 
Animal  matter  usually  contains  much  more  nitrogen  than  vegetable 
matter  and  decomposes  more  rapidly.  By  decomposition,  is  meant  the 
gradual  oxidation  of  the  carbon,  hydrogen  and  nitrogen  of  the  organic 
substance,  by  which  these  elements  are  converted  into  carbonic  acid, 
water  and  nitric  acid,  respectively.  In  this  process  it  is  assumed  that 
the  carbon  first  combines  with  oxygen,  after  wbich  the  freed  h3'drogen 
and  nitrogen  unite  to  form  ammonia,  and  any  excess  of  hydrogen  joins 
with  oxygen  to  form  water.  The  ammonia  is  next  oxidized,  its  hydro- 
gen passing  into  water,  while  its  nitrogen  passes  first  into  nitrous  acid 
and  finally  into  nitric  acid.  These  several  acids  in  turn  seize  upon  any 
mineral  bases  that  may  be  present,  and  form  carbonates,  nitrites  and 
nitrates.  Of  these  various  compounds,  the  ammonia  and  nitrites  are 
intermediate  products,  and  represent  decomposition  in  progress.  It 
may  also  be  noted  that  in  nature  these  chemical  changes  are  the  result 
ot  the  activity  of  micro-organisms,  and  do  not  take  place  in  their  ab- 
sence. 

From  the  foregoing  brief  outline,  we  are  enabled  to  understand  why 
experts  in  water  analysis  attach  so  much  importance  to  the  amount  and 
condition  of  the  nitrogen  which  is  found  in  the  sample.  Before  decom- 
position begins,  the  nitrogen  of  organic  matter  is  principally  in  the 
form  of  albumen  or  protoplasm,  and  has  according!}^  been  designated 
by  chemists  as  albuminoid  ammonia  ;  but  after  decomposition  has  set 
in,  the  nitrogen  is  found  successively  as  ammonia,  nitrites  and  nitrates. 
Another  important  factor  in  the  estimate  of  a  water  is  the  amount  of 
chlorine  which  it  contains,  usually  in  the  form  of  common  salt,  inas- 
much as  this  is  always  associated  with  sewage  or  house  drainage,  and 
thus  becomes  in  most  cases  the  measure  of  the  degree  of  pollution  from 
such  sources.  It  may  also  be  remarked  that  the  methods  by  which 
the  amount  of  albuminoid  ammonia  is  determined,  afford  no  indication 
whether  the  source  of  the  organic  nitrogen  is  animal  or  vegetable  mat- 
ter ;  and  it  is  only  by  taking  the  various  other  factors  into  account  that 
a  sound  inference  in  this  respect  can  be  reached.  A  relatively  large 
quantit}^  of  albuminoid  ammonia  is,  even  when  accompanied  with  much 
free  ammonia,  no  evidence  of  sewage  pollution,  since  in  most  surface 
waters  it  is  derived  from  vegetable  growths  in  the  lakes,  ponds  and 
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streams,  and  on  their  bottoms.  On  the  other  hand,  when  nitrites  and 
chlorides  are  present  in  large  quantit3^  it  may  be  assumed  that  some 
dangerous  pollution  exists. 

Various  standards  of  purity,  or  rather  allowable  impurity,  for  potable 
water  supplies  have  been  proposed  b}^  eminent  authorities,  but  no  rigid 
rule  has  yet  been  generall}'  adopted,  owing  to  the  uncertainties  which  still 
attend  such  work.  In  doubtful  cases,  accordingly,  a  valid  verdict  cannot 
be  given  until  all  possible  collateral  examinations,  with  respect  to  the 
surroundings,  geology  and  natural  history  of  the  source,  have  been  com- 
pleted. For  convenience  of  examination,  however,  a  few  of  these 
standards  have  been  arranged  as  compactly  as  possible  in  the  appended 
Table  A. 

Prof.  Wanklyn,  one  of  the  foremost  English  authorities  on  the  sub- 
ject, states  that  a  water  giving  less  than  0.005  part  of  albuminoid  am- 
monia in  100,000  parts  may  be  regarded  as  very  pure  ;  while  a  water 
containing  0.005  P^^'t  of  such  ammonia,  together  with  a  considerable 
quantity  of  free  ammonia  is  suspicious,  but  in  the  absence  of  free  am- 
monia, the  albuminoid  ammonia  may  be  allowed  to  rise  to  nearly 
0.010  part  without  causing  the  water  to  Ije  regarded  as  bad.  On  the 
other  hand,  if  this  constituent  is  above  0.010  part  in  100,000,  the  water 
should  be  regarded  as  very  suspicious,  and  when  it  is  over  0.015  part, 
the  water  must  be  condemned. 

Dr.  Frankland,  another  eminent  English  authority,  makes  the  follow- 
ing general  classification  : 

"  Surface  water  or  river  water  which  contains  in  100,000  parts  more 
than  0.2  part  of  organic  carbon,  or  0.03  part  of  organic  nitrogen,  is  not 
desirable  for  domestic  supply,  and  ought,  whenever  practicable,  to  be 
rejected.  Spring  and  deep-well  water  ought  not  to  contain  in  100,000 
parts  more  than  o.  10  part  of  organic  carbon  or  0.03  part  of  organic  nitro- 
gen. Impure  water  is  such  as  exhibits  more  than  0.40  part  of  organic 
carbon." 

In  Tiemann  &  Gartner's  exhaustive  work  on  the  "Examination  of 
Water,"  which  is  regarded  as  the  best  German  authority,  the  following 
requirements  are  made  for  a  satisfactory  quality  of  potable  water  : — 

(a)  The  local  conditions  of  the  source  should  insure  the  permanence 
of  an  approximately  uniform  quality  of  the  water  and  preclude  the 
chance  of  pollution. 

(b)  The  water  should  have  no  taste  or  odor,  or  rather  its  taste  should 
be  agreeable  and  cooling.  It  should  also  be  clear  and  colorless  when 
examined  in  a  stratum  of  moderate  depth.  Its  temperature  should 
differ  as  little  as  possible  from  the  mean  annual  temperature  of  the 
localitv,  in  our  latitudes,  and  should  remain  as  uniform  as  possible 
throughout  the  year. 
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(c)  Its  chemical  analysis  should  exhibit  quantities  not  in  excess  of 
the  followint^  limits,  expressed  in  i)arts  per  100,000  : — A  residue  of  50 
parts  of  combined  mineral  and  organic  matter,  on  evaporation  at  2i2°F.; 
from  18  to  20  parts  of  alkaline  earthy  matter,  such  as  oxides  of  lime 
and  magnesium  ;  from  2  to  3  parts  of  chlorine,  corresponding  to  3.3  and 
5  parts  of  chloride  of  sodium  ;  from  8  to  10  parts  of  sulphuric  acid  ; 
from  0.5  to  1.5  parts  of  nitric  acid  ;  traces  only  of  free  ammonia  and 
nitrous  acid  ;  from  0.8  to  i.o  part  of  potassium  permanganate  to  reduce 
the  organic  matter  present  ;  0.5  part  of  organic  car])on  ;  0.2  part  of 
albuminoid  ammonia  ;  hardness  under  20°. 

(d)  Furthermore,  the  water  should  not  contain  in  suspension  consid- 
erable quantities  of  living  or  dead  matter  ;  and  if  such  suspended  matter 
is  traceable  to  human  habitations,  the  water  should  be  rejected.  It 
should  also  be  free  from  pathogenic  bacteria  ;  and  with  regard  to  the 
harmless  varieties  of  such  organisms,  a  numerical  measure  may  be 
derived  from  the  consideration  that  the  best  natural  spring  waters 
usually  contain  no  more  than  50  bacteria  per  cubic  centimeter,  and  that 
in  the  majorit}^  of  unpolluted  wells  there  are  generally  less  than  500 
bacteria  in  the  same  unit  of  volume  ;  wdiile  with  properly  conducted 
filtration  through  sand,  the  effluent  water  rarely  has  more  than  100 
bacteria  per  cubic  centimeter. 

Dr.  Reuben  Haities,  of  Philadelphia,  recently  offered  the  following 
figures  representing  the  averages  of  34  different  determinations  of  un- 
contaminated  waters,  and  recommended  them  as  standards  for  pure 
waters  in  the  neighborhood  of  that  city  : — 

Free  ammonia  0.0031  parts  in  100,000 

Albmninoid  ammonia  0.0044    "  " 


Dr.  Albert  R.  I^eeds,  of  Hoboken,  N.  J.,  in  reporting  in  1882  upon 
the  proposed  water  suppl}^  of  Wilmington,  offers  the  following  criteria 
with  respect  to  the  waters  of  flowing  streams,  such  as  are  used  for  most 
of  the  supplies  of  American  cities  : — 


Nitrogen  as  nitrates 

Chlorine  

Total  sohds  


0.5075 
1. 1900 
12.5700 


Free  ammonia  

Albuminoid  ammonia. 
Nitrogen  as  nitrates. _. 
Nitrogen  as  nitrites__. 

Chlorine  

Total  solids  

Hardness  


0.300    "    1. 000 
15.00      "  20.00 
5.00      "  15.00 


0.010  "  0.028 
o.iii  "  0.389 
0.0003  " 


0.001   to  0.012  parts  in  100,000 


Concerning  the  modern  bacteriological  examination  of  water,  there  is 
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now  time  to  say  but  little,  as  this  field  is  not  only  of  great  magnitude, 
but  has  also  not  yet  been  fully  explored.  After  an  experience  of  fifteen 
years  in  this  direction,  Prof.  Miquel,  perhaps  the  foremost  of  the  French 
investigators,  ventures  to  suggest  the  following  classification  of  the 
water  supplies  of  France,  expressed  in  the  number  of  bacteria  per  cubic 
centimeter  : — 

Extremely  pure  o         to  lo 

Very  pure  lo        to  loo 


Enough  has  doubtless  been  said  in  the  foregoing  to  indicate  that  the 
determination  of  a  suitable  source  of  supply  is  by  no  means  a  simple 
matter,  but  requires  a  vast  amount  of  careful  study,  so  far  as  quality 
alone  is  concerned  ;  and  as  there  are  numerous  other  matters  of  interest 
which  remain  to  be  considered,  we  will  next  proceed  to  the  subject  of 
the  proper  quantity  of  water  that  should  be  provided  each  day  for  each 
head  of  the  population. 

Many  attempts  have  been  made  to  estimate  this  quantity  from  purely 
theoretical  considerations,  on  the  basis  of  allowing  a  certain  number  of 
gallons  per  day  for  each  individual  of  the  community  for  domestic  pur- 
poses, and  adding  thereto  the  amount  assumed  to  be  needed  for  manu- 
lacturing,  commercial  and  general  public  uses  ;  also  by  taking  into 
account  the  probable  future  growth  of  poptilation  and  industries.  Few 
of  such  estimates  have,  however,  been  found  to  be  correct,  and  the  best 
that  can  be  done  is  to  be  guided  by  the  experience  gained  in  other 
places.  To  show  the  wide  diversity  which  exists  in  the  per  capita  water 
consumption  of  different  cities  of  various  magnitude,  the  appended 
Table  B  has  been  compiled  ;  and  it  may  be  added  that  the  figures 
therein  given  are  derived  from  the  best  available  authorities,  and  may 
be  regarded  as  the  most  accurate  which  have  yet  been  obtained. 

This  table  exhibits  the  population,  and  average  daily  water  consump- 
tion per  capita,  in  276  American  and  foreign  cities,  with  whose  names 
at  least  we  are  all  familiar.  The  aggregate  population  here  represented 
is  nearly  46,700,000,  of  which  about  16,600,000  is  American,  and 
30,100,000  foreign.  This  vast  number  of  people  consumes  on  the 
average  2,934,000,000  gallons  of  water  every  day,  thus  giving  to  each 
person  a  daily  average  of  62.8  gallons.  The  list  embraces  100  Ameri- 
can and  176  foreign  cities,  the  former  using  about  1,863,000,000  gallons 
per  day,  with  an  average  of  112  gallons  per  head,  and  the  latter  con- 
suming about  1,071,000,000  gallons  per  day,  with  an  average  of  35.6 


Pure  

Medium  

Impure  

Ver}^  impure,  above. 


100      to  1000 


1000  to  10,000 
.10,000  to  100,000 


100,000 
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gallons  per  head  ;  hence  it  is  seen  that  the  average  daily  per  capita 
consumption  in  American  cities  is  more  than  three  times  greater  than  in 
foreign  towns.  No  good  reason  for  this  great  difference  in  consumption 
can  be  given,  excejH  that  in  many  foreign  cities  a  large  proportion  of 
the  water  which  is  used  for  manufacturing  purposes  is  taken  l^y  the 
owners  of  such  estal)lishments  from  priv'ate  wells  or  streams  so  that  it 
does  not  appear  in  the  rei)ort  of  the  public  supply,  and  that  the  quantity 
wasted  by  the  inhabitants  is  much  less  than  in  our  communities. 

In  the  list  we  also  find  four  great  American  cities  with  an  average 
population  of  1,475,000,  taking  an  average  daily  per  capita  supply  of 
106  gallons  ;  and  four  great  European  cities  with  an  average  population 
of  2,146,000,  taking  an  average  of  39.4  gallons  per  capita.  The  three 
to  one  ratio  is  here  again  apparent.  Furthermore,  the  remaining  96 
American  cities,  with  an  aggregate  of  10,682,000  people,  consume  on 
the  average  115.9  gallons  per  capita  ;  while  the  remaining  172  foreign 
cities,  with  a  total  of  21,525,000  inhabitatants,  use  only  34.1  gallons 
per  capita  per  day  on  the  average  ;  the  ratio  in  this  case  being  3.4  to  i. 
Many  other  interesting  comparisons  might  be  made  from  this  exhibit, 
but  they  must  be  omitted  for  want  of  time. 

The  principal  points  to  be  observed  in  determining  the  proper  quan- 
tity of  water  which  should  be  supplied  to  any  particular  community, 
are  :  (i)  The  amount  needed  for  purely  domestic  purposes  ;  (2)  the 
quantity  required  for  the  special  industries  that  may  have  been  devel- 
oped therein,  and  which  it  is  desirable  to  retain  ;  (3)  the  amount  need- 
ed for  the  supply  of  public  buildings,  such  as  schools,  hospitals,  baths 
and  other  similar  institutions,  together  with  that  which  is  required  for 
other  public  purposes,  such  as  watering  streets,  the  suppression  of  fires, 
and  for  parks,  ornamental  fountains,  etc.  ;  (4)  the  loss  by  unavoidable 
leakage  in  conveyance  and  distribution,  along  with  a  margin  for  justi- 
fiable waste  in  different  seasons  ;  and  lastl}^  (5)  the  allowance  for  the 
future  growth  of  the  cit\'  and  its  industries,  coupled  with  the  prospect- 
ive deterioration  or  fouling  of  the  conduit  and  the  consequent  reduction 
of  its  discharging  capacity. 

A  full  discussion  of  each  of  these  items  is  impracticable  at  the  present 
time,  and  hence  we  will  consider  only  the  last  mentioned  ones  as  briefly 
as  possible.  In  the  case  of  a  comparatively  old  and  well  established 
city  of  over  50.000  inhabitants,  in  which  a  system  of  water  works  is  to 
be  introduced,  it  is  fair  to  presume  that  after  the  successful  completion 
of  the  works,  the  increase  of  population  will  proceed  at  a  somewhat 
higher  rate  than  previously,  inasmuch  as  mau}^  industrial  enterprises 
will  be  attracted  to,  or  be  developed  in  the  community,  in  consequence 
of  the  superior  advantages  afforded  by  the  facility  of  obtaining  water 
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for  business  purposes  and  protection  against  fire.  For  the  same  reason 
also,  the  land-owners  are  stimulated  to  erect  a  better  class  of  buildings 
than  formerly,  thereb}'  making  the  cit}- handsomer  and  inducing  others 
to  settle  therein  to  enjo}-  the  conveniences  thus  offered.  The  impulse 
so  acquired  is  usually  retained  for  a  long  term  of  j^ears,  and  may,  un- 
der favorable  conditions  of  the  country,  even  be  considerably  acceler- 
ated. In  estimating  the  probable  rate  of  growth  of  such  a  city,  after 
the  introduction  of  an  ample  and  wholesome  water  supply,  we  are  ac- 
cordingly justified  in  adopting  a  figure  which  ma}^  seem  alarmingly 
high  to  conservative  minds. 

On  the  other  hand,  when  we  are  concerned  with  the  enlargement  of 
an  existing  supply,  it  ma}^  safel}^  be  assumed  that  the  previously  es- 
tablished rate  of  growth  will  remain  at  least  constant  for  a  considerable 
number  of  years.  In  this  case,  therefore,  the  future  population  at  any 
time  during  such  period  may  be  computed  by  the  rule  for  ordinary 
•compound  interest,  and  it  may  also  be  assumed  that  the  per  capita  con- 
sumption of  water  will  increase  somewhat,  owing  to  the  development 
of  unforeseen  industries,  or  sources  of  uncontrollable  waste.  The  re- 
quired additional  volume  of  water  must  accordingly  be  estimated  with 
much  care  in  the  light  of  the  past  experience  with  the  particular  works, 
also  bearing  in  mind  the  results  found  in  other  cities  of  similar  size 
tinder  like  circumstances. 

Where  the  supply  of  a  city  is  obtained  by  gravity  from  a  distant 
point,  as  in  the  case  of  Rochester,  N.  Y.,  it  may  become  expedient  to 
make  the  additional  quantity  to  be  taken  dependent  upon  a  variety  of 
other  conditions  besides  those  heretofore  mentioned.  The  capacity  of 
the  source  and  the  cost  of  the  new  works,  must  here  be  taken  into  ac- 
count, as  well  as  the  further  serviceability  of  the  old  conduit.  Here 
there  was  some  doubt  about  the  continued  usefulness  of  a  considerable 
portion  of  the  old  pipe,  and  hence  the  first  tendency  was  to  advocate 
the  construction  of  a  new  line  of  sufficient  capacity  to  convey  to  the 
city  the  entire  yield  of  the  watershed  of  the  two  mountain  lakes  from 
which  the  supply  is  taken.  The  estimated  cost  of  such  a  conduit,  how- 
ever, was  much  larger  than  had  been  anticipated  by  the  municipal 
authorities  and  interested  citizens,  and  the  question  then  became  es- 
sentially one  of  financial  expediency  in  view  of  the  existing  bonded  in- 
debtedness, New  computations  of  the  average  yield  of  the  entire 
available  drainage  area  were  then  made,  and  it  was  finally  decided  that 
it  would  be  better  to  make  the  ultimate  capacity  of  the  contemplated 
pipe  line  equal  to  one-half  of  such  average  yield,  inasmuch  as  this 
quantity  would  probably  be  adequate  for  at  least  20  years,  after  which 
time  the  remaining  half  could  be  taken  in  a  duplicate  pipe  to  be  placed 
alongside  of  the  new  one. 
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By  thivS  means  there  would  finally  be  two  similar  lines  of  pipe  from 

the  lake  to  the  city,  it  being  also  presumed  that  the  upper  section  of 
the  original  conduit  would  become  practically  useless  or  worn  out  by 
the  time  that  the  second  additional  supply  might  l)e  required  ;  further- 
more, with  two  such  lines,  the  dangers  and  grave  inconveniences  of  a 
com})lete  interruption  of  the  suppl}^  in  case  of  necessary  repairs  to  a 
single  conduit,  would  be  almost  wholly  averted,  as  it  rarely  happens 
that  both  pipes  are  out  of  order  simultaneously  ;  and  finally,  the  cost 
of  the  undertaking  would  fall  within  the  expedient  limit  of  expenditure, 
while  the  quantity  of  water  thus  procured  would  be  eminently  satis- 
factory, especially  if  the  old  conduit  could  be  retained  in  active  service. 

The  computations  for  the  average  yield  of  the  entire  drainage  area 
showed  that  in  a  cycle  of  three  driest  years,  a  uniform  supply  of  about 
32,000,000  gallons  per  day  might  be  depended  on,  the  storage  capacity 
of  the  two  lake  basins  being  taken  into  account.  The  pipe  portion  of 
the  new  conduit  was  therefore  given  an  ultimate  capacity  of  16.000,000 
gallons  per  da}^  and  it  was  assumed  that  during  the  next  20  years,  the 
average  daily  per  capita  consumption  of  water  in  the  city  from  the 
gravity  system  would  increase  from  60  to  80  gallons.  It  was  also 
assumed  that  the  capacity  of  the  old  conduit  would  become  reduced  to 
about  6,000,000  gallons  per  day,  thus  making  the  total  available  gravity 
supply  at  the  end  of  the  period  22,000,000  gallons  per  day,  which  at  the 
rate  of  80  gallons  per  head,  would  suffice  for  a  population  of  275,000. 
In  1892,  however,  the  census  returns  showed  that  the  city  had  about 
145,000  inhabitants,  and  that  the  increase  had  then  proceeded  at  the  rate 
of  about  5,000  persons,  or  3.4  per  cent,  per  year.  Applying  the  rule 
for  ordinary  compound  interest,  it  is  found  that  at  this  rate  of  growth 
the  population  of  the  cit}'  at  the  end  of  20  years  should  be  about  283,000, 
and  that  at  the  present  time,  5)^  years  after  the  said  enumeration  was 
taken,  it  should  be  about  174,300. 

It  will  thus  be  seen  that  in  1892,  when  the  new  conduit  was  designed 
and  its  construction  authorized,  provision  was  made  for  an  increase  of 
nearly  double  the  then-existing  population,  together  with  a  large  in- 
crease in  the  average  daily  per  capita  consumption  ;  and  it  now  remains 
to  be  determined  whether  these  assumptions  will  be  verified.  No  good 
proof  is  yet  available,  as  no  census  has  been  taken  since  1892  ;  but  from 
the  usual  ratio  of  population  to  votes  cast  at  important  State  or  National 
elections,  it  is  found  that  the  above  computation  of  the  present  number 
of  inhabitants  is  substantially  correct  ;  and  it  is  also  known  that  the 
average  per  capita  use  of  water  is  now  about  70  gallons  per  day.  It 
may  also  be  mentioned  that  by  extending  the  application  of  water 
meters,  a  great  proportion  of  preventable  waste  from  the  water  system 
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can  be  stopped,  thus  prolonging  considerably  the  period  of  time  before 
another  supply  will  be  needed. 

Having  dealt  briefly  with  the  preliminaries  relating  to  the  quality  and 
quantit}'  of  our  water,  we  ma}'  next  refer  to  the  general  design  and  con- 
struction of  the  works.  As  is  well  known,  the  present  source  of  the 
domestic  supply  is  Hemlock  I^ake,  a  beautiful  body  of  clear  and  whole- 
some water  situated  in  a  deep  valley  of  a  mountainous  or  hilly  district 
about  29  miles  south  of  the  city.  In  form,  the  lake  is  roughly  a  long 
rectangle,  6.6  miles  in  length  and  0.6  mile  wide,  with  an  area  of  about 
1,828  acres  at  ordinar}^  low  water,  and  an  average  depth  of  65  feet  along 
its  middle  line.  It  lies  at  an  elevation  of  about  386  feet  above  the 
general  level  of  the  city,  and  including  the  water  surface,  its  drainage 
area  is  43.05  square  miles  in  extent.  Adjacent  thereto  on  the  east,  and 
200  feet  higher,  is  Canadice  Lake,  a  similar  sheet  of  water  with  an  area 
of  648  acres  and  a  watershed  of  13  88  square  miles.  The  outlet  of  this 
lake  empties  into  that  of  Hemlock  Lake  near  the  foot  of  the  latter,  and 
can  easily  he  diverted  directly  therein,  so  that  its  drainage  area  of  5.49 
square  miles  may  also  be  made  available  as  a  gathering  ground  for  the 
city's  supply.  The  total  area  thus  capable  of  use  is  nearly  40,000  ticres, 
or  62.43  square  miles  ;  but  up  to  the  present  time,  no  draft  upon  the 
Canadice  watershed  has  been  necessary. 

The  old  conduit  from  the  lake  to  the  city  was  built  during  the  years 
1873,  '74  and  '75.  Excluding  the  intake  pipe,  which  extends  1,000 
feet  out  from  the  shore  into  ' moderately  deep  water,  it  consists  of  9.63 
miles  of  36-inch  wrought-iron  riveted  pipe,  made  of  plates  f\-inch 
thick  ;  2.92  miles  of  24-inch  riveted  pipe,  made  of  plates  y^^^-inch  and 
-^-inch  thick  ;  and  15.36  miles  of  24-inch  cast-iron  pipe  of  varying 
thickness  according  to  the  pressure.  These  lengths  are  measured  from 
the  gate  house  at  the  lake  to  that  at  Mt.  Hope  reservoir,  and  if  we  in- 
clude the  inlet  and  outlet  pipes  at  the  lake,  and  the  two  reservoirs,  the 
total  length  of  pipe  is  28.25  miles.  It  was  deemed  expedient  to  divide 
this  long  distance  into  at  least  two  parts  by  an  intermediate  reservoir, 
and  advantage  was  accordingly  taken  of  the  line  of  hills  which  extends 
through  the  townships  of  Rush  and  Henrietta,  about  9  miles  south  of 
the  Mt.  Hope  ridge,  to  build  the  storage  basin  known  as  Rush  reser- 
voir. The  capacity  of  this  reservoir  is  about  63,500,000  gallons,  while 
the  distributing  reservoir  at  Mt.  Hope  contains  about  22,500,000  gal- 
lons. The  elevations  of  these  two  bodies  of  water  above  the  general 
level  of  the  city  are  respectively  240.3  feet  and  124.4  feet. 

The  new  conduit  from  the  lake  to  the  city  was  constructed  during  the 
years  1893  and  '94.  It  consists  of  the  following  principal  parts:  (i) 
A  riveted  steel  plate  intake  pipe,  5.0  feet  in  diameter  and  1,550  feet 
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long,  extending  from  the  shore  of  the  lake  out  into  deep  water  ;  (2)  A 
brick  conduit  of  liorse-shoe  shaped  cross-section,  6  feet  high  and  wide 
inside,  and  2.25  miles  long,  of  which  about  1.45  miles  was  built  in  tun- 
nel through  tough  clay  and  shale  rock  ;  (3)  A  continuous  riveted  steel 
pipe  38  inches  in  diameter  and  17.36  miles  long  to  Rush  reservoir  ;  (4) 
A  line  of  36-inch  cast-iron  pipe  about  0.20  mile  long;  and  lastly, 
(5)  A  continuous  riveted  steel  pipe,  38  inches  in  diameter  and  8.55 
miles  long  terminating  at  Mt.  Hope  reservoir.  The  plates  of  the  steel 
pipe  are  J,  -^^  and  J-inch  thick,  according  to  their  location  with  respect 
to  pressure. 

A  few  words  may  also  be  used  to  explain  why  the  new  intake  pipe 
and  the  brick  conduit  were  made  of  such  relatively  large  size.  When 
the  old  conduit  was  laid  through  the  alluvial  lands  extending  northerly 
from  the  foot  of  the  lake,  enormous  difficulties  with  quicksand  were  en- 
countered. From  the  borings  made  preliminary  to  the  construction  of 
the  new  works,  it  was  found  that  strata  of  this  treacherous  material 
were  widely  distributed  in  the  subsoil  of  the  valley,  and  that  the  cost 
of  building  a  suitable  masonry  conduit  along  the  lowest  available  routes 
would  be  so  great,  that  the  addition  of  It}  or  2  feet  to  the  diameter 
needed  for  a  delivering  capacity  of  16,000,000  gallons  per  day,  would 
not  involve  a  serious  increase  of  expense ;  and  as  this  additional  size 
would  give  the  conduit  a  capacity  for  discharging  easily  32,000,000  gal- 
lons per  day,  which  was  the  computed  average  jneld  of  the  entire  water- 
shed of  the  aforesaid  two  lakes,  it  was  deemed  prudent  to  adopt  the 
larger  dimensions  in  order  that  no  further  outlay  in  tliis  locality  would 
arise  if  a  second  additional  water  supply  should  ever  be  required  in  the 
future.  The  same  considerations  apply  with  even  greater  force  to  the 
case  of  tunnel  work,  owing  to  the  absolute  necessity  of  securing  room 
enough  for  the  \vorkmen  to  perform  their  labor  properly  and  quickly. 
It  may  also  be  mentioned  that  carefull}'  prepared  estimates  of  cost  by 
various  routes,  showed  that  the  expense  of  building  the  conduit  by 
tunneling  through  the  clay  and  firm  rock  in  the  side  of  the  valley, 
would  be  no  greater,  and  might  easi]3'be  less,  than  that  of  construction 
through  the  earth  and  quicksand  of  the  bottom  lands. 

[Note. — A  few  data  of  general  interest  relating  to  the  distribution  of  the  water 
within  the  city  limits  were  then  given,  after  which  a  large  number  of  photographic 
views  taken  during  the  construction  of  the  new  conduit  were  exhibited  and  ex- 
plained. Some  of  these  views,  which  represent  the  characteristics  of  the  different 
sections  of  the  work,  are  appended,] 


TABLE  A.— APPROXIMATE  STANDARDS  FOR  ESTIMATING  THE  QUALITY  OF  A  WATER  SUPPLY. 


Chemical  Constituknts. 


Proposed  in*  \'art 


■S  P.XGLISH  AyTHORITIES. 

1 1  \  ,u;iene,  etc. ) 


ProI'DSED  by 

Tn-.MANN 
\Mi  CtARTNER. 


Parts  per  100,000  in 


Pure  and 
Wholesome 
Water. 


Usable 
Water. 


Suspicious 
Water. 


Impure  Water. 


Wholesome 
Waters  of 
American 
Rivers. 


Wholesoni 
Waters  in 


1.  Chlorine  in  chlorides  

2.  vSolids  in  sohition  :  total  

vSolids  in  solution  :  volatile  

3.  Anunonia,  free  or  saline  

Ammonia,  All)uminoid  

4.  Nitric  acid,  in  nitrates  

Nitrous  acid,  in  nitrites  

Nitrogen  in  nitrates  

Total  combined  nitrogen,  incl.  ammonia  free_ 


Total  combined  nitrogen,  including  that  in  the  albu, 
minoid  ammonia  


5.  Oxygen  absorbed  by  organic  matter  within  30  ; 
utes  at  140°  F  


Same,  in  15  minutes  at  80°  F  

Same,  in  4  hours  at  80°  F  

6.  Hardness,  total  

Hardness,  fixed  

7.  Phosphoric  acid,  in  phosphates  

Sulphuric  acid,  in  sulphates  

8.  Heavy  metals  

9.  H3-drogen  sulphide  in  alkaline  sulphides. 
10.  Bacteria,  per  cubic  centimeter  (Miquel)__ 


1.4000 
7.1428 
1.4000 
0.0020 
0.0050 
0.0323 
None 
0.0140 
0.0160 


0.0250 

0.0125 

0.0500 

8.5° 

3.0° 

Trace 

Trace 

None 

None 

100  to 
1,000 


4.2857 
42.8571 

4-  2857 
0.0050 
0.0100 
0.5000 
None 
0.1129 
0.1 170 

0.1252 

O.IOOO 

0.0300 
0.1500 
17.3° 

5-  7° 
Trace 
3.0000 
Trace 

None 

'  1,000  to 
L  10,000 


4.  to  7. 
f  0.0050  "t 
\  0.0100  J 

0.0100 

0.0125 


0.0500 
)  0.1243  to  \ 
1 0.2373  i 
(  0.1247  to  1 

1 0.2455  ( 

(  0.1255  to  ] 

1 0.2465  ) 


o.io  to  0.15 

0.05  to  O.IO 

0.2  to  0.4 
Over  17° 
Over  5.7° 
Heafvy  traces 
3.0000 
Traces 


None 


/  10, 
I  100, 


000  to 
000 


7.1428 
71.4285 
7.1428 
0.0100 
0.0125 
1. 0000 
0.0500 
0.2415 
0.2497 
0.2601 

0.1500 
o.  1000 
0.4000 

28.5° 
8.7° 

I  Very  heavy  1 
\      traces.  J 

4.2857 
(  Any  except  \ 
\       iron.  i 

Present 
Over  100,000 


I  0.3000  to 
t  1. 000 
(  15.00  to 
\  20.00 


(  0.0010  to 
\  0.0120 
J  0.0100  to 
\  0.0280 


{°: 


389 


5°  to  15= 


1. 1900 
12.5700 


0.0031 
0.0044 


2.0  to  3.0 

50.0 
30.0  to  32.0 
Trace 

0.20 

0.5  to  1.5 

Trace 


50  to  500 


NSUMPTIO^ 

6.    OTHER  COUNTRIES. 

—From  a  Compii.-^ 

From  Bazai^gette's  Presidentiai.  Address  before 
ENGI.ISH  Institute  of  Civii.  Engineers,  in  Jan.,  1884. 

Name  of  Cit 

1 

rage^ 

ump- 
per 
ad 

jail's. 

No.           Name  of  City. 

Estimated 
Population 
1883. 

Average 
Consump- 
tion per 
head 
U.  S.  Gall's. 

Berlin  7 

Hamburg  7 

Breslau  9 

Schweidnitz  2 

Dresden  ,0 

Leipzig  3 

Cologne  .9 

Konigsberg  3 

Hannover  P 

Altona  3 

Bremen  .9 

Magdeburg  6 

Niirnberg  6 

Diisseldorf  P 

Chemnitz  6 

Dortmund  4 

Stettin  J5 

Danzig  ^ 

Aachen  4 

Strassburg  2 

Braunschweig  — 

Crefeld  _9 

Elberfeld  j2 

Liegnitz  

Halle  

Essen  

Posen  

Miihlhausen  

Augsburg  

Cassel  

Metz  

Liibeck  

Frankfort  a/0____f 

Wiirzburg  

Gorlitz  

Wiesbaden  . 


Carlsruhe  ^age 

iimp- 
per 


Potsdam 
Bochum 

Miihlheim  and  Deiad 

Kiel__^  J^all's. 

Gelsenkirchen   

Bonn  1).9 

Duisburg  j.7 

Darmstadt  3-5 

Miinster  ^.5 

Gladbach   ^.9 

Is 


Rostock 

Freiberg  

Regensburg   

Flensburg  

Charlottenburg 

Bamberg  

Xordhausen  

Heilbronn  


3 

4.0 

o 

).i 
•4 


Dessau  r.6 


I.  European  Cities. 

1.  Madrid,  Spain  

2.  Barcelona,  Spain  

3.  Seville,  Spain  

4.  Lisbon,  Portugal  

5.  Antwerp,  Belgium  

6.  Liege,  Belgium  

7.  Amsterdam,  Holland  

8.  Rotterdam,  Holland  

9.  The  Hague,  Holland  

10.  Copenhagen,  Denmark  

11.  Christiana,  Norway  

12.  Stockholm,  Sweden  

13.  St.  Petersburg,  Russia  

14.  Riga,  Russia  

15.  Vienna,  Austria  

16.  Buda-Pesth,  Austria  

17.  Munich,  Bavaria  

18.  Frankfort  a/ M,  Germany, 

19.  Zurich,  Switzerland  

20.  Basel,  Switzerland  

21.  Lausanne,  Switzerland  

22.  Athens,  Greece  

23.  Rouen,  France  

Total  and  average  for  23  cities 

II.  Other  Foreign  Cities. 

24.  Cairo,  Egypt  

25.  Alexandria,  Egypt  

26.  Bombay,  India  

27.  Calcutta,  India  

28.  Delhi,  India  

29.  Lahore,  India  

30.  Kurrachee,  India  

31.  Adelaide,  Australia  

32.  Brisbane,  Australia  

33.  Rio  de  Janeiro,  Brazil  

34.  Pernanibuco,  Brazil  

35.  Valparaiso,  Chili  

Total  and  avg.  for  12  other  cities 
Total  &  avg.  for  35  foreign  cities 


397,800 
370,600 
132,800 
187,400 
190,000 
129,200 
350,200 
162,100 
130,000 
234,900 
122,100 
176,700 
929,100 
169,300 
740,600 
395,900 
240,000 
141,000 
96,700 
74,500 
23,300 
90,000 
105,900 


5,590,300 


4.0 
17.6 

8.7 
18.2 
20.9 
19.8 

13-4 
26.9 
21. 1 
16.7 
47.6 
16.2 
25.6 

37-3 
23-8 
39-6 
39-6 
28.8 
56.7 
34-8 
634 
25-9 
37-0 


23.8 


450,000 
222,800 
773,200 
433,200 
173,400 
128,000 
68,300 
40,000 
30,000 
350,000 
120,000 
96,000 


2,884,900 
8,475,200 


13.2 
22.8 
24.0 
26.4 
19.2 
12.0 
30.0 
60.0 
40.0 
36.0 
8.8 
24.0 


23-4 
23-7 


7.    GENERAL  SUMMARY. 


No.  of 
Cities. 

Countries. 

Estimated 
Population. 

Average  Con- 
sumption per 
head  in  U.  S. 
Gallons. 

100 
176 
276 

American  and  Canadian _ 

European  and  foreign  

Total  considered  __   

16,582,100 
30,108,800 
46,690,900 

1 12.0 
35.6 
62.8 

Total  water  consumed  per  day,  2,934,098,800  gallons. 


TABLE  B.— SHOWING  AVERAGE  DAILY  WATER  CONSUMPTION  PER  HEAD  OF  POPULATION  IN  276  AMERICAN  AND  FOREIGN  CITIES. 


THE  PRESENT  EUROPEAN  PRACTICE  IN  THE  DISPOSAE 
OF  THE  WASTES  OF  EARGE  CITIES.' 


JAMES  H    FUERTES,  C.E.  '83. 

To  those  not  conversant  with  the  details  of  municipal  administration, 
the  thought  may  not  have  occurred,  that  one  of  the  most  difficult  tasks 
imposed  upon  a  cit}^  government  is  to  provide  the  ways  and  means  for 
rapidly  removing  from  the  community  the  w^astes  w^hich  are  the  result 
of  the  daily  life  of  the  people.  When  it  is  realized,  however,  that  the 
average  house  in  a  suburban  district  produces  from  a  ton-and-a-half  to 
two-tons  of  refuse  in  a  year,  it  is  not  difficult  to  understand  that  the  dis- 
posal of  the  large  quantity  that  would  daily  accumulate  in  a  large  city 
might  present  many  difficulties. 

In  moderately  small  communities,  in  all  countries,  the  almost  uni- 
versal practice  is  to  have  the  matter  carted  to  some  uninhabited  low 
territory  and  dumped  upon  the  ground.  But  in  large  cities  it  is  neces- 
sary to  abandon  this  method,  not  only  for  sanitary  reasons,  but  because, 
generally,  suitable  places  cannot  be  found  close  enough  to  the  center  of 
population  to  make  the  method  sufficiently  cheap. 

The  refuse  of  cities  consists  of  two  classes  of  matter,  organic  and  in- 
•organic.  The  inorganic  matter  is  comparatively  stable  in  its  character, 
but  the  organic  matter  is  likely  to  decay  or  putrefy,  thus  creating  various 
nuisances  and  dangers  to  health,  and  it  therefore  requires  particular  at- 
tention from  a  sanitary  standpoint.  The  comparatively  large  amount 
of  organic  matter  in  city  refuse  has  led  inventors  and  investors  to  de- 
velop many  schemes  for  its  reduction,  in  order  to  recover  its  marketable 
ingredients. 

One  of  the  most  marvelous  works  of  nature  is  the  transformation  of 
•dead  organic  matter  into  the  food  for  living  plants.  The  process  goes 
on  continually,  and  what  is  called  putrefaction  or  decay  is  one  of  the 
-evidences  of  this  work.  The  transformation  is  brought  about  through 
the  agency  of  the  nitrifying  organisms,  microscopic  forms  of  life  which 
are  everywhere  present,  and  the  rapidity  of  the  process  depends  upon 
■the  chemical  composition  of  the  matter,  the  supply  of  oxygen,  the  tem- 
perature and  the  degree  of  moisture. 

'Lecture  delivered  by  James  H.  Fuertes,  M.  Am.  Soc.  C.E.,  before  the  College 
■of  Civil  Engineering  of  Cornell  University. 
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The  organic  matter  in  refuse  contains  combinations  of  carbon,  nitro- 
gen, hydrogen,  and  oxygen  ;  during  its  decomposition,  the  carbon  is 
oxidized,  the  nitrogen  converted  into  ammonia  and  subsequently  into 
nitric  acid  ;  finally,  mineral  salts,  which  form  ])lant  food,  are  produced. 
These  processes,  in  the  free  air,  are  accompanied  by  the  evolution  of 
gases  and  other  products,  with  sometimes  a  very  disagreeable  odor. 
The  animal  tissues  yield,  among  other  compounds,  certain  ptomaines^ 
the  direct  result  of  the  action  of  microbes  on  the  albuminoid  molecules. 
These  ptomaines  are  generally  crystalizable  compounds,  all  more  or 
less  poisonous,  and  they  are  more  frequently  than  not  the  cause  of  poi- 
soning from  the  eating  of  slightly  decayed  fish,  meats  and  canned 
goods. 

Cold  storage  will  not  render  fit  for  consumption  foods  which  have 
begun  to  spoil,  because,  although  the  process  of  putrefaction  will  tem- 
porarily cease  under  such  conditions,  the  cold  will  not  destroy  the  poi- 
sonous ptomaines  which  may  accompany  putrefactive  processes.  This 
is  clearly  proven  by  the  numerous  cases  of  ice-cream  poisoning  which 
have  been  recorded. 

Putrefaction  and  decay  are,  therefore,  most  active  in  matter  in  which 
the  carbon  combines  readily  with  the  oxygen  in  the  air,  or  in  the 
moisture  which  must  necessarily  be  present.  They  are  also  most  active 
at  temperatures  which  are  most  conducive  to  plant  life  ;  that  is,  micro- 
bian  life.  At  low  temperatures  they  are  checked  ;  at  warm  summer 
heat  most  active,  and  at  higher  temperatures  they  will  again  cease. 
Hence  the  necessit}'  for  the  more  frequent  removal  of  refuse  and  garl^age 
during  the  summer  months  than  during  the  winter. 

With  the  presence  of  moisture,  the  microbes  of  many  specific  dis- 
eases may  find  in  these  masses  of  decomposing  organic  matter  suitable 
conditions  for  their  sustenance,  and  possibly  for  their  propagation  ; 
such  accumulations,  therefore,  may  become  centers  of  infection  from 
which  disease  may  spread.  This  is  the  feature  of  the  disposal  of  refuse 
which,  from  a  sanitary  point  of  view,  has  greatest  weight. 

Should  an  epidemic  of  some  very  contagious  disease  visit  a  city,  the 
removal  of  the  refuse  might  become  a  difficult  matter,  becau.se,  being 
possibly  infected,  its  removal  to  a  tipping  place  would  only  transfer 
the  danger  to  another  locality,  to  be  spread  again  by  flies,  other  insects 
and  birds  which  feed  on  carrion,  as  well  as,  probably,  by  the  wind  and 
dust.  In  such  a  case  safety  would  lie  in  thorough  disinfection,  wdiicb 
can  best  be  accomplished,  with  such  large  quantities  of  matter,  by 
burning  it.  The  conversion  of  the  organic  matter  into  useful  com- 
pounds by  the  employment  of  high  temperatures  would  satisfactorily 
purify  that  part  of  the  refuse,  but  the  other  parts — the  bottles,  cans,. 
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boxes,  cast-off  apparel,  vault  and  cess-pool  cleanings  and  ashes, — 
amounting  to  perhaps  90%  of  the  total  wastes  of  a  city,  and  which  are 
perfecth'  capable  of  becoming  infected  and  of  transferring  infection  to 
other  localities  in  various  ways,  would  still  require  disinfection  and  re- 
moval. 

The  dumping  of  putrescible  matter  in  low  places  to  be  afterwards  oc- 
cupied by  buildings,  cannot  be  too  severel}^  condemned.  The  piling  of 
it  upon  the  ground  in  the  corners  of  yards  or  in  open  fields  is,  also,  an 
evil  to  be  forbidden,  because  of  the  dangers  arising  from  the  accumula- 
tions per  se,  as  well  as  from  the  consequent  seeding  of  the  soil  under- 
neath the  pile.  The  surface  layers  of  damp  soils  impregnated  with  or- 
ganic matter  are  very  fertile  beds  for  the  growth  of  microbes,  and 
among  those  which  thrive  under  such  conditions,  and  which  are  par- 
ticularly dangerous  to  health,  are  the  bacilli  of  anthrax,  of  tetanus,  of 
malaria,  of  Asiatic  cholera  and  of  typhoid  fever. 

The  wastes  of  cities,  which  ma}-  be  designated  by  the  generic  term. 
Refuse,  con.sist  of  various  classes  of  matter,  to  each  of  which  is  given  a 
specific  name.  These  classes  are,  Garbage,  Rubbish,  Ashes,  Night- 
soil,  Street-sweepings,  Dead  Animals  and  Infected  Materials. 

Garbage  consists  of  organic  matter  capable  of  infection  ;  such  as  veg- 
etables, meat,  bread  and  other  scraps  from  kitchens,  the  wastes  from 
markets  and  market  gardens,  and  all  other  refuse  of  a  vegetable  or 
animal  nature  arising  from  the  needs  of  domestic  life. 

Rubbisli  consists  of  old  clothes,  rags,  papers,  bottles,  cans,  pots, 
sticks,  straw,  boxes,  and  other  similar  cast-off  and  cast-out  matter. 

Ashes  consist  of  the  cinders  and  ashes  from  fires,  and  of  the  sweep- 
ings, dust,  scraps  of  rags,  papers,  etc.,  from  buildings. 

Night-soil  includes  the  contents  of  earth  closets,  middens,  privies, 
cess-pools  and  other  refuse  of  feculent  origin. 

Street-sweepings  consist  of  horse  droppings  and  dirt  from  the  streets. 
The  sweepings  from  paved  streets  are  sometimes  separated  into  these 
two  classes  of  matter  and  each  collected  separately. 

Dead  animals  include  horses,  cattle,  dogs,  cats,  etc.,  gathered  up  by 
the  scavenger,  condemned  meats  and  fish,  and  refuse  from  the 
slaughter  houses. 

RECEPTACLEvS  FOR  REFUSE. 

In  England,  the  refuse  is  generally  stored  upon  the  premises  of 
the  house-liolder,  either  in  a  fixed  ash-bin,  or  a  movable  receptacle. 
The  ash-bin  usually  is  a  brick  hou.se,  roofed  and  ventilated,  with  a 
capacity  of  about  20  cubic  feet.  It  is  obliged  by  law  to  be  at  least  six 
feet  distant  from  the  nearest  inhabited  building.     In   1890  an  act 
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legalized  the  use  of  an  ash-tub  with  a  capacity  of  about  2  cubic  feet ; 
enough  to  contain  a  week's  accumulations.  This  was  designed  to  en- 
courage the  disuse  of  the  large  ash-l^ins,  which  are  excellent  breeding 
grounds  for  various  microbes,  because  the  brick  walls  absorb  and  retain 
considerable  quantities  of  moisture  and  are  difficult  to  keep  in  a  satis- 
factory sanitary  condition.  The  smaller  tubs,  which  can  easily  be  car- 
ried on  a  man's  shoulders,  are  usually  made  of  galvanized  iron  and  are 
provided  with  a  tight-fitting  cover.  These  permit  of  much,  greater 
cleanliness  than  the  ash-bin,  limit  the  amount  of  matter  that  can  be 
stored,  and  therefore  necessitate  the  more  frequent  collection  of  the  re- 
fuse. In  England  this  is  a  decided  benefit  because  there  it  is  the  usual 
custom  to  throw  the  garbage  into  the  ash-bins,  instead  of  maintaining 
separate  garbage  pails. 

In  Hamburg,  Berlin,  Munich,  Paris,  Zurich,  Florence,  and,  in  fact, 
in  most  of  the  large  cities,  the  movable  galvanized  iron  receptacle  is 
used,  and  in  very  few  is  the  pit  or  l)in  countenanced. 

THE  COLLECTION  OF  REFUSE. 

The  refuse  is  usually  collected  by  the  municipality  or  local  authority. 
Sometimes,  however,  the  contract  system  is  employed,  and  in  some 
small  cities  each  householder  is  obliged  to  provide  for  the  removal  of 
his  own  refuse.    Until  recently  this  latter  method  was  employed  by 
the  city  of  York,  England,  which  at  that  time  had  a  population  of 
about  67,000. 

In  some  of  the  towns  in  the  South  of  England,  the  refuse  is  collected 
by  licensed  men  with  push  carts.  They  go  from  street  to  street  and 
the  jangling  of  the  l)ells  on  their  carts  is  the  signal  to  the  householder 
who  sends  out  his  refuse  in  portai^le  receptacles. 

In  rural  and  suburban  districts,  collections  are  quite  generally  made 
upon  receipt  of  notice  from  the  householders. 

Sometimes,  in  districts  of  a  more  urban  character,  collections  are 
made  at  certain  intervals,  weekly  or  fortnightly,  with  special  collec- 
tions upon  receipt  of  notice.  This  is  an  improvement  upon  the  method 
previously  mentioned  as  it  insures  a  certain  amount  of  regularity  and 
system  in  collecting.  The  most  usual  custom  in  the  large  cities  is  for 
the  carts  to  call  periodically  from  house  to  house  to  collect  the  refuse. 
Sometimes  collections  are  made  daily  aiid  sometimes  at  longer  intervals. 
In  nearly  all  the  large  cities  the  municipalities  make  the  collections 
with  their  own  employees  and  teams.  Mr.  John  Price,  A.M.  Inst. 
C.E  ,  found,  upon  inquiry,  that  70  out  of  85  English  cities  collect  their 
own  refuse. 

It  is  the  quite  general  experience  in  all  cities  that  the  success  of  the 
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contract  system  depends  largely  upon  the  basis  of  payment,  and  neither 
a  contract  for  a  fixed  sum  nor  for  a  price  per  load  will  always  insure 
that  careful  attention  to  details  that  is  necessar}'-  to  do  such  work  effi- 
ciently and  in  a  maimer  satisfactory  to  householders.  Most  cities  have, 
therefore,  found  it  better  and  frequently  cheaper  to  have  full  control  of 
the  refuse  collection. 

The  vehicles  for  the  removal  of  the  refuse  are  generally  large  wooden 
wagons,  provided  with  hinged  tops,  or  else  covered,  when  loaded,  wnth 
canvas  laced  down  tight.  The  best  vehicles,  however,  are  iron  or 
steel,  two  or  four  wheeled,  with  sectional  hinged  covers,  and  so  con- 
structed as  to  allow  dumping.  The  wagons  used  in  Hamburg  are  of 
iron,  and  are  provided  with  hooks  on  the  sides  so  that  the  bed  and  its 
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load  may  be  lifted  from  the  running  gear  by  an  over- head  crane,  and 
the  contents  dumped  on  the  platform  above  the  incinerating  furnaces. 

The  collections  are  generally  made  during  the  night  hours  ;  between 
10  p.  M.  and  9  A.  M.  The  wagons  visit  each  hou.se  and  remove  the 
ashes,  wash  and  disinfect  the  bins,  if  necessary,  remove  the  pails  from 
closets  and  replace  them  with  clean  ones,  and  then  take  the  collections 
to  the  place  provided  for  their  disposal. 

^The  cuts  of  the  Hamburg  Garbage  Destructor  Plant  were  kindly  loaned  by  Mr. 
Rudolph  Hering,  M.  Am.  Soc.  C.  E.,  New  York. 
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THE  DISPOSAL  OF  REFUSE. 

Barging  the  Refuse  to  Sea.  This  practice  is  possible,  of  course,  only 
at  sea  ports  or  at  cities  upon  navigable  waters  not  far  distant  from  the 
open  sea.  The  method  is  extensively  employed  at  I^iverpool  and  Dub- 
lin as  to  refuse,  and  at  London  for  the  disposal  of  the  sludge  from  the 
sewage  precipitation  works  at  Barking  and  Crossness.  Liverpool,  how- 
ever, has  a  large  plant  for  burning  its  refu.se,  and  is  considering  the  ex- 
tension of  the  system  to  various  parts  of  the  city. 

The  principal  objections  made  to  dumping  refuse  into  the  sea  are  the 
danger  of  floating  matter  being  washed  back  upon  the  shore  by  winds 
and  currents,  and  the  dangers,  from  the  tin  cans  and  l^roken  bottles,  to 
the  trawling  nets  of  the  fishermen.  There  is  also  the  possibility  of  con- 
tinued rough  weather  making  sea  trips  impractical)le  for  small  boats. 
However,  all  these  are  questions  which  local  circumstances  will  decide 
in  each  case,  and  such  a  metliod  in  some  localities  might  be  wholly  un- 
objectionable. The  expense  of  sea  disposal  at  Liverpool,  where  the 
dumping  grounds  are  twenty-four  miles  from  the  landing  stage,  is  given 
at  37  cents  per  ton.  Until  1891  about  70%  of  all  their  refuse  was  dis- 
posed of  in  this  way. 

The  sludge  from  the  London  sewage  precipitation  works,  which  aver- 
ages 91%  water  and  amounted  to  over  2,000,000  tons  last  year,  is  taken  to 
sea  in  five  steamers  especiall}'  designed  for  that  purpose,  with  a  capac- 
it}^  of  about  1,000  tons  each.  The  dumping  grounds  for  this  liquid 
mud  are  about  50  miles  from  the  outfalls  of  the  sewers,  and  the  cost  of 
transporting  it  to  sea  after  it  is  loaded  into  the  vessels  averages  about 
9  to  10  cents  per  ton. 

Tipping.  Dumping  refu.se  from  tips  into  disu.sed  quarries,  clay  pits, 
low  grounds,  and  wet  places,  is  extensively  practiced.  It  is  never  ad- 
vocated as  a  desirable  method,  but  is  of  necessity  frequently  unavoid- 
able. Generally,  only  the  rubbish,  ashes  and  sweepings  are  tipped, 
the  garbage  being  disposed  of  in  other  ways.  Frequently  the  garbage 
is  cooked  in  large  cauldrons  and  the  grease  which  rises  to  the  surface 
is  skimmed  off  and  disposed  of  to  soap  makers,  while  the  remainder  is 
fed  to  swine  and  cattle  or  else  rotted  and  mixed  with  horse  droppings, 
street  sweepings,  etc.,  to  form  a  saleable  manure.  Dead  animals  are 
sometimes  buried  and  infected  materials  destroyed  in  bonfires. 

These  primitive  methods  are  widel}^  distant  from  the  demands  of 
proper  sanitation,  and  3^et  they  are  practiced  to  a  certain  extent  in 
nearly  all  large  cities.  Manchester,  Glasgow,  Edinburgh,  Bristol, 
Leicester,  Newcastle  and  manj^  other  cities  still  tip  a  portion  of  their 
refuse.    It  is  but  just,  however,  to  sa}^  that  nearly  all  of  these  cities 
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are  at  the  present  time  encouraging  other  methods  of  disposal,  in  line 
with  the  more  satisfactory  processes  developed  in  recent  years. 

Utilizatio7i.  The  utilization  of  the  valuable  ingredients  of  the  refuse 
is  practiced  in  various  degrees  in  nearly  all  cities,  because  there  are 
several  classes  of  matter,  easily  separable  from  the  mass,  which  have  a 
marketable  or  recoverable  value.  From  the  refuse  it  is  possible  to 
separate  :  Fuel,  consisting  of  cinders  and  coal  from  ashes,  sticks, 
papers,  rags  and  other  burnable  matter  ;  old  iron  and  copper  ;  bottles  ; 
rubber  scraps  :  papers  and  rags  ;  ashes  and  clinkers  which  are  used  in 
foundations  under  cellars  and  side-walks,  as  filling  in  fire-proof  floors, 
in  loosening  up  clayey  soils  and  in  filling  up  low  places.  In  addition 
to  these  dry  materials  are  :  Night-soil,  valuable  as  a  fertilizer  ;  manure, 
consisting  of  rotten  garbage,  horse-droppings,  fish  refuse,  sewage 
sludge,  fine  dust  from  screenings  and  street-sweepings  ;  finally,  dead 
animals  and  condemned  meats  which  are  valuable  for  their  grease. 

In  cities  where  attempts  are  made  at  the  separation  of  the  refuse  into 
various  classes,  the  sorting  is  done  partly  by  mechanical  appliances 
and  partly  by  boys,  men  and  women. 

Most  utilization  processes  require  a  considerable  amount  of  power  to 
operate  the  necessary  machinery,  and  hence  a  fair  fuel  is  desirable  for 
steam  purposes.  This  is  usually  refuse  from  which  the  dust  has  been 
removed  by  sifting  and  the  unburnable  materials  removed  by  hand. 

In  Manchester  the  refuse  is  separated  into  three  classes  of  material 
at  one  screening  :  fuel,  consisting  of  coal  cinders,  papers,  sticks,  etc., 
which  fall  through  a  chute  to  the  boiler  floor  ;  dust,  which  is  caught 
in  a  cloth  sail  below  the  screen  and  sent  through  a  chute  into  railway 
cars;  and  old  iron,  copper,  bottles,  etc.,  which  are  removed  from  the 
foot  of  the  screen  by  a  man.  The  two  screens  at  the  Holt  Town  works 
each  separate  about  175  tons  of  refu.se  per  day. 

At  Glasgow  the  .separation  is  effected  by  dumping  the  mixed  refuse 
into  a  hopper  from  which  it  passes  to  a  slowly  revolving  riddle.  The 
coal  and  dust  fall  through  and  the  large  matters  work  out  of  the  end 
and  fall  upon  a  wide  belt  conveyor  which  extends  to  the  destructor 
room.  Boys  along  the  conveyor  remove  unburnable  matter  like  bot- 
tles, iron,  etc.,  and  the  rest  is  burned  in  furnaces.  The  dust  and  cin- 
ders which  fall  through  the  riddle  are  separated  by  an  ingenious 
arrangement,  by  which  the  coal  goes  to  the  boiler  rooms  and  the  dust 
to  railroad  cars  below. 

At  Paddington  the  refuse  is  sorted  and  screened,  and  the  cinders  and 
ashes  are  sold  to  farmers. 

At  Chelsea  the  screening  is  done  mechanically,  and,  by  the  aid  of  an 
air  blast,  the  paper  is  separated  from  the  other  refuse,  and  the  dust  is 
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blown  into  the  ash  pit  of  a  boiler.  The  screenings  are  sorted  by  hand 
for  rubber,  boots,  shoes,  coal  and  metals,  and  the  other  organic  refuse 
is  sent  to  a  mill  and  ground  into  manure.  The  paper  refuse  is  ster- 
ilized by  hot  steam  and  reconverted  into  brown  paper,  having  a  value 
of  from  $35.00  to  $40.00  per  ton.  Coal  and  cinders  are  pressed  intO' 
fuel  blocks. 

Night-soil  is  generally  converted  into  a  fertilizer.  At  Manchester  it 
is  made  into  a  concentrated  fertilizer  by  drying  it  in  steam  jacketed  cyl- 
inders ;  at  Rochdale  it  is  made  into  a  poudrette  by  a  blast  of  hot  air 
passing  over  and  through  it  in  a  revolving  cylinder,  and  the  resulting 
dried  mud  is  ground  in  mills.  In  both  processes  certain  chemicals  are 
added  to  fix  the  ammonia.  These  fertilizers  have  a  value  of  from 
$15.00  to  $30.00  per  ton,  and  considerable  quantities  are  .sold. 

The  most  general  method,  however,  of  disposing  of  night-soil  is  to 
mix  it  with  street-sweepings,  ground  fish  refuse,  ashes,  or  with  dessi- 
cated  or  mashed  garbage.  This  is  .sold  to  farmers  to  enrich  their  land, 
or  plowed  in  on  lands  belonging  to  the  corporation. 

These  processes  are  more  extensively  employed  at  Manchester  than 
at  any  other  city  of  Great  Britain.  As  a  newly  constructed  system  of 
sewerage  and  sewage  disposal  works  has  been  installed,  and  as  the  in- 
troduction of  water-clo.sets  is  gradually  driving  the  disgusting  pan 
sy.stem  out  of  use,  the  manufacture  of  this  kind  of  fertilizer  will  soon 
be  with  them  a  thing  of  the  past.  In  spite  of  the  revenue  derived  from 
the  sale  of  the  products  of  its  reduction  works,  the  City  Engineer 
estimates  that  the  introduction  of  sewers  will  effect  a  great  annual 
saving  in  expense  to  the  cleansing  department,  and  will  also  exert  a 
beneficial  effect  upon  the  healthfulness  of  the  city. 

Old  cast-iron,  old  copper  and  bottles  have  a  ready  sale  and  their 
handling  forms  a  considerable  industry.  Old  cans  and  .soldered  wares, 
however,  are  usually  difficult  to  dispose  of ;  generally  they  are  a  waste 
so  far  as  the  corporation  is  concerned,  but  poor  men  can  make  wages  by 
melting  the  solder  out  of  them.  They  can  be  dispo.sed  of  .sometimes  to 
copper  houses,  where  the}^  are  used  to  precipitate  the  copper  from 
solutions. 

Dead  animals  and  condemned  meats  have  a  value  for  the  grease  and 
phosphates.  The  grease  is  converted  into  wagon  grease,  engine  grease, 
lard-oil  and  soap,  and  the  residue  into  a  fertilizer.  Manchester  utilizes 
her  animal  wastes  in  this  way  and  derives  considerable  revenue  from  it 
by  the  saving  of  expense  which  would  otherwise  have  to  be  incurred  in 
purchasing  such  articles. 

The  disposal  of  sludge  from  sewage  precipitation  plants  in  most  cities 
having  such  plants  is  a  very  difficult  problem.    At  Wimbledon,  England, 
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it  is  disposed  of  by  pressing  in  cakes  and  selling  it  at  25  cents  per  ton  ; 
such  as  cannot  be  sold  is  spread  upon  the  farm.  Its  value  as  a 
fertilizer  being  very  small,  it  is  planned  to  burn  it  in  a  destructor. 
At  Ealing,  England,  the  sludge  is  mixed  with  refuse  and  burned  ;  at 
Southampton  it  can,  also,  be  disposed  of,  in  part,  in  the  same  way. 
At  Friern  Barnet  it  is  pumped  upon  grass  lands  and  allowed  to  dry  and 
soak  away  ;  it  generall}^  kills  out  all  the  vegetation  where  it  lies. 
However,  the  most  usual  method  is  to  press  the  sludge  into  cakes  and 
dispose  of  it  as  a  fertilizer,  sometimes  receiving  a  small  compensation 
for  it,  sometimes  paying  for  its  removal  and  sometimes  burying  or  tip- 
ping it.  Some  special  processes  convert  it  into  a  fertilizer  by  the 
addition  of  other  matters,  as  is  done  in  the  A.  B.  C.  process  at  Kingston- 
on-the-Thames. 

At  Frankfort-on-the-Main,  the  sludge  is  pumped  into  large  open 
shallow  ponds  and  allowed  to  evaporate  and  dry  out,  and  is  disposed  of 
to  farmers  and  used  on  the  garden  lands  belonging  to  the  city.  The 
farmers  have  tank  wagons  into  which  they  pump  this  semi-liquid  black 
mud,  and  seem  to  find  it  sufficiently  profitable  to  warrant  them  in  car- 
rying it  away  during  seasons  when  it  can  be  used. 

At  some  cities  the  sewage  sludge  is  pumped  into  pies  and  mixed  with 
street  sweepings  to  make  a  fertilizer,  as  is  done  at  Southampton,  or  the 
emptyings  of  catch  basins,  street  sweepings  and  refuse  are  mixed,  as  at 
Liverpool.  However,  these  are  only  the  expedients  adopted  at  differ- 
ent cities  because  of  the  necessity  of  doing  something,  and  that  some- 
thing is  generally  the  outgrowth  of  the  conditions  and  possibilities  at 
hand. 

The  horse-droppings  on  the  streets  are  generally  swept  up  by  boys  or 
men  and  put  in  special  receptacles.  Sometimes  they  are  gathered  up 
by  the  corporation,  as  at  Manchester  and  London,  and  sold  to  farmers. 
Sometimes  they  are  gathered  up  by  farmers'  boys  without  charge  to  or 
from  the  corporation,  as  at  Leeds.  They  always  have  a  value  and  are 
saved  in  nearly  all  European  cities.  It  is  the  general  custom  in  Italy 
for  the  wagons  traveling  between  the  towns  and  the  market  gardens  and 
small  farms,  to  have  special  buckets  in  which  to  deposit  the  horse- 
droppings  found  on  the  country  roads  ;  and  it  is  no  unconmion  thing  to 
see  women  and  children  with  sacks  and  buckets  gathering  them  up  in 
the  road  and  carrying  them  to  enrich  their  little  kitchen  gardens,  so 
great  is  the  economy  necessary  in  these  thickly  settled  old  countries. 

At  Leeds  the  machine  sweepings  from  the  paved  streets  are  piled  up 
in  certain  districts  and  used  as  needed  as  a  binding  material  for  newly 
made  macadamized  streets. 

Destruction  of  Refuse  by  Fire.    All  these  methods  for  the  disposal  and 
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utilization  of  the  refuse  of  towns  are  open  to  the  very  important  objec- 
tion, from  a  sanitar}^  point  of  view,  tliat  should  one  of  the  violent  epi- 
demics of  cholera,  yellow  fever,  or  other  plague  take  root  in  or  threaten 
a  city,  it  could  find  no  consumers  for  its  products  ;  no  purchasers  would 
take  its  fertilizers  or  its  refuse,  and  the  city  would  be  left  with  a  rapidly 
accumulating  mass  of  decomposable  matter  ripe  for  infection.  This 
was  the  predicament  in  which  the  city  of  Hamburg  fonnd  itself  in  1892 
when  visited  by  cholera,  and  was  the  principal  cause  for  the  adoption 
of  the  policy  of  destroying  all  its  refuse  by  fire. 

England  is  the  pioneer  in  the  field  of  refuse  destruction  by  fire,  and 
there  are  now  over  five  hundred  cells  or  furnaces  in  operation  in  the 
various  cities.  Her  example  is  being  followed  by  the  continental  and 
several  American  cities,  and  inquiries  are  being  made  by  cities  in  Rus- 
sia, Switzerland,  Australia,  Africa  and  Brazil.  It  will  not  be  possible  to 
describe  in  detail  the  construction  of  the  various  makes  of  destructors 
in  use  abroad,  all  of  which  are  patented  and  only  differ  from  each  other 
frequently  in  very  small  matters. 

The  refuse  collected  in  towns  has  a  varying  composition,  depending 
upon  the  portion  of  the  town  from  which  it  is  taken,  the  time  of  the 
year,  the  meteorological  conditions  and  the  habits  of  the  people  in 
different  countries. 

The  refuse  of  English  cities  contains  more  combustible  matter  than 
the  refuse  of  German  cities  and  the  refuse  of  the  latter  contain  more 
combustible  matter  than  does  that  of  Italian  cities.  Refuse  from  the 
rich  quarters  of  a  town  will  contain  more  combustible  matter  than  that 
from  the  poor  quarters;  refuse  collected  in  winter  will  contain  a  much 
larger  proportion  of  coal  and  cinders  than  that  collected  in  summer  ; 
refuse  from  agricultural  and  commercial  districts  will  contain  much 
less  fuel  than  that  from  manufacturing  districts  ;  and  in  rain}'  weather 
the  refuse  will  contain  more  free  water  than  in  dry.  All  these 
variables  affect  the  burning  of  the  refuse  and  point  to  one  of  the  most 
important  features  in  destructor  construction.  Combustion  is  a  purely 
chemical  process  by  which  organic  matter  combines  rapidly  with  the 
oxygen  of  the  air.  If,  therefore,  the  composition  of  the  refuse  varies 
from  time  to  time,  the  quantit}^  of  air  consumed  for  perfect  combustion 
will  vary,  and  means  for  regulating  this  supply  are  necessar}^ 

In  most  extant  destructors  it  seems  to  have  been  the  object  to  pro- 
vide as  strong  a  draft  as  possible  by  the  construction  of  a  very  tall 
chimney,  by  a  blast  of  air,  a  steam  jet  or  by  combinations  of  these  ap- 
pliances. This  frequently  has  resulted  in  producing  a  draft  so  strong 
that  the  fire  has  been  pulled  apart,  causing  dust  and  ashes  to  be  lifted 
out  and  spread  over  the  surrounding  premises,  to  the  annoyance  of 
property  holders  and  the  discredit  of  the  system. 
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Since  the  burning  of  refuse  generates  a  certain  amount  of  heat  in  ex- 
cess of  that  which  is  necessary  to  evaporate  the  contained  water  and  to 
consume  the  vapors  and  gases  arising  from  the  decomposition  of  the 
organic  matter,  the  attempt  is  usually  made  to  utilize  this  heat  and 
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Ealing,  Eng.,  Garbage  Destructor  and  Fume  Cremator. 

transform  it  into  power,  to  be  applied  according  to  the  needs  of  the 
plant  or  the  opportunities  offered  by  the  local  surroundings.  In  some 
plants  the  effort  is  made  to  develop  the  maximum  amount  of  power, 
and  the  effectiveness  of  the  destructor  in  burning  the  gases  generally 
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suffers  thereby.  In  other  plants  the  effectiveness  of  the  destructor  is 
first  considered  and  tlie  power  producing  properties  made  of  secondary 
importance.    Generally  speaking,  the  best  conditions  for  power  devel- 
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Cambridge  Refuse  Destructors. 

opment  are  opposed  to  those  of  nuisance  prevention.  It  is,  however,  a 
fact  that  there  are  some  plants  which  burn  refuse  without  the  addition 
of  any  fuel,  from  which  from  4  to  6  H.  P.  per  cell  is  derived  without 
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the  creation  of  a  nuisance.  If  a  second  fire  is  maintained  with  fuel,  so 
that. gases  not  burned  in  the  destructor  can  be  passed  over  it  and 
destroyed  before  escaping  into  the  chimney,  then  a  greater  amount  of 
power  can  be  developed  without  the  creation  of  a  nuisance,  because  the 
boilers  can  be  brought  closer  to  the  furnaces,  rel5ung  on  the  second 
fire  to  burn  the  gasses  cooled  off  by  contact  with  the  comparatively 
cold  surfaces  of  the  boiler. 


Boiler  npqtri/cror  Destructor  Boiler  ;  Destrudor 
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In  nearly  all  the  English  destructors,  the  heat  is  used  to  generate 
steam  in  boilers  placed  in  the  flue  near  the  base  of  the  chimney.  In 
.some  later  plants,  notably  at  Cambridge,  and  a  proposed  extension  of  the 
Southampton  works,  a  different  arrangement  is  proposed  by  which 
there  will  be  one  boiler  to  each  two  destructor  cells,  with  special  fires 
to  cremate  the  gases  before  they  pass  up  the  chimneys.  Such  arrange- 
ments as  these  can  undoubtedly  be  made  to  develop  niuch  power,  and, 
al.so,  under  proper  conditions,  to  do  so  without  the  production  of  a 
nuisance. 

Destructors  consist,  essentially,  of  an  inclined  grate  in  a  fire-brick 
furnace  with  a  fire-brick  hearth,  back  of  the  grates,  upon  which 
the  refuse  is  dropped  and  allowed  to  dry  out  somewhat  before 
it  is  pulled  down  onto  the  live  fire  on  the  bars.  The  different 
destructors  introduce  variety  in  the  method  of  leading  the  burning 
gases  out  of  this  furnace  to  the  main  flue  and  thence  to  the  chimney. 
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Some  take  them  out  over  a  bridge  wall  back  of  the  hearth  and  allow 

them  to  pass  over  the  drying  refuse  ;  others  take  them  out  of  flues 
in  the  side  of  the  furnace  near  the  back  of  the  fire  ;  others  near  the 
front  of  the  fire  and  others  through  openings  in  the  roof  of  the 
furnace  directly  over  the  hottest  part  of  the  fire. 


Hamburi^  i,ai-bagc  J )csti'uctors. 

The  methods  of  charging  the  fires  with  refuse  are  peculiar  to  the  dif- 
ferent makes  of  destructors.  In  some,  the  refuse  is  dropped  upon  the 
hearth  in  a  charge  of  fixed  amount ;  in  others  it  is  fed  intermittently 
by  hand  with  long  bars  ;  and  in  others  it  is  fed  continuously,  either  by 
hand  or  b}^  special  patented  charging  appliances.  In  most  of  the 
furnaces  the  grate  bars  are  fixed  and  the  stoking  and  clinkering  is  done 
by  hand.  There  are  several  patented  automatic  stoking  bars,  and  in 
two  makes  of  destructors  their  motion  is  depended  on  to  push  the  refuse 
forward  on  the  bars,  break  up  and  eject  the  clinker,  and  thus  save 
labor.  In  most  places  they  are  not  regarded  with  favor,  principally  for 
the  following  reasons  :  their  motion  permits  the  fine  dust  to  fall  through 
the  grates  without  burning  it  ;  if  the  attendants  do  not.  watch  them 
carefully,  the  clinkers  burn  fast  and  thus  require  hand  stoking  in  any 
event  ;  and  as  a  practical  result  of  trials,  they  have  not  demonstrated 
their  ability  in  destructor  work  to  save  much  expense. 

Self-feeding  furnaces  are  theoretically  desirable,  but  with  fuel  of  such 
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variable  composition  as  town  refuse  the  rate  of  feed  must  be  suited  to 
the  character  of  the  refuse  and  automatic  stoking  has  not  yet  come  into 


Hamburg  Garbage  Destructors. 

general  use.  The  most  recent  plants  are  being  made  with  fixed  grate- 
bars  or  with  bars  that  can  be  shaken  occasionally  by  hand.  With 
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screened  refuse,  movable  grates  would  undoubtedly  give  more  satisfac- 
tory results  than  with  ordinary  refuse. 

The  burning  of  refuse  requires  skill  and  experience  on  the  part  of  the 
firemen.  It  is  necessary  to  have  a  hot  fire  and  to  rake  the  fresh  refuse 
upon  it  in  such  a  way  as  not  to  smother  it  down  and  reduce  the  temper- 
ature,  for  that  causes  the  escape  of  foul  gases.     The  operation  of 
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Hamburg  Garbage  Destructors. 

clinkering  requires,  also,  great  care  and  judgment,  because,  when  being 
done,  a  large  quantity  of  cold  air  is  admitted  to  the  furnace,  the  con- 
tinuity of  the  fire  is  broken  and  the  temperature  reduced  by  the  removal 
of  the  clinker. 

In  many  furnaces  special  dampers  and  baffle  plates  are  provided  for 
shutting  ofi"  a  cell  which  is  being  clinkered  and  fired,  thus  prevent- 
ing, as  much  as  possible,  the  admission  of  cold  air  into  the  main  flue, 
which  by  lowering  the  temperature  would  produce  nuisances. 
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In  general  the  requirements  are,  that  all  features  of  the  construction 
and  operation  of  the  furnaces  should  reduce  to  a  minimum  the  danger  of 
the  lowering  of  the  temperature  in  the  flues  and  cells.  These  are  the 
principal  points  upon  which  the  eflicienc}^  of  refuse  destructors  as  built 
in  Europe  depend.  Where  they  are  considered,  high  efficiency  and  no 
nuisance  result,  but  often  small  details  improperly  designed,  or  incom- 
petent management,  may  destroy  the  possibilities  of  an  otherwise  good 
furnace.  It  is  much  more  of  an  art  to  fire  and  clinker  a  refuse  destructor 
than  to  handle  the  fire  of  a  steam  boiler  or  locomotive,  and  5^et  the  men 
who  are  entrusted  with  this  work,  upon  which  the  success  of  the  system 
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may  depend,  are,  more  often  than  not,  poorly  paid  and  inexperienced. 

I  have  in  mind  the  case  of  one  city  which  has  been  a  defendant  in  a  suc- 
cession of  suits,  and  in  which  a  very  excellent  plant  has  been  declared  a 
nuisance.  This  was  brought  about  principally,  because  its  manage- 
ment, after  completion,  was  turned  over  by  the  corporation  to  the 
scavenging  department.  There  it  was  entirely  removed  from  the  super- 
vision of  the  able  engineer  who  designed  it,  and  under  whose  manage- 
ment and  watchfulness  it  would  probal^ly  have  yielded  very  different 
results. 

Usually,  cities  having  plants  for  refu.se  destruction  send  all  their  col- 
lections to  them  without  .separation,  excepting  perhaps  the  street  sweep- 
ings, which  have  a  value  and  ready  sale. 


28  Association  of  Civil  E^igineers  of  Cor?tell  University. 


In  most  of  the  cities  of  Great  Britain,  in  Hamburg,  Berlin,  Zurich,. 

and  many  other  cities,  it  is  the  custom  to  deposit  all  the  garbage,  ashes 
and  house  sweepings  in  the  same  receptacle,  and  not  lo  keep  separate 
tubs  for  the  different  classes  of  matter.  Tliis  is  favorable  for  the  process 
of  burning,  as  the  addition  of  the  unburned  coal  and  cinders  aids  in  the 
evaporation  of  the  moisture  in  the  garbage. 

The  relative  economy  of  different  nations  is  reflected  in  the  char- 
acter of  their  refuse.  For  instance,  the  refuse  of  English  cities  contains- 
so  much  coal  that  at  no  place,  to  my  knowledge,  is  additional  fuel 
required  to  burn  it,  while  at  Hami)urg  it  burns  with  difficulty,  and  at 
Berlin  fuel  has  been  found  necessary  in  the  process  to  the  extent  of 
nearly  io%,  on  the  average. 

Perhaps  the  most  unfavorable  refu.se  for  burning  is  that  at  Ealing,. 
England,  with  which  the  sewage  sludge  is  mixed.  The  mixed  sludge 
and  refu.se,  as  they  are  taken  to  the  top  of  the  destructor,  are  in  a 
saturated  condition,  as  only  the  free  water  has  been  allowed  to  drain 
out.  As  it  is  fed  to  the  furnaces  it  is  mixed  with  twice  its  bulk  of  the 
ordinary  refuse,  which  contains  in  itself  perhaps  about  25%  its  weight 
of  water.  In  spite  of  this  very  high  percentage  of  water,  and  the  fact 
that  the  sludge  proper  contains  scarcely  18%  of  burnable  material,  the 
heat  from  the  burning  matter  is  sufficient  to  evaporate  the  water  in  the 
fresh  refuse,  consume  the  combu.stible  portions,  and  convert  the  residue 
into  a  hard  vitreous  clinker.  The  quality  of  this  refuse  makes  the  daily 
capacity  of  the  cells  low  as  compared  with  those  of  many  other  cities  ; 
it  also  reduces  the  power  obtainable  from  the  heat  and  makes  necessary 
the  maintenance  of  a  second  fire  over  which  the  burning  ga.ses  are 
passed  to  destroy  the  odors. 

Moisture  and  dust  are  the  two  greatest  obstacles  to  successful  refuse 
burning.  The  one  requires  heat  for  its  evaporation,  and  the  other 
chokes  the  draft,  absorbs  much  heat  while  generating  practically  none, 
and  is  frequently  carried  out  the  chimney  by  too  strong  a  draft.  But 
as  the  burning  of  refuse  would  fall  short  of  its  aim  as  a  sanitary  meas- 
ure did  it  not  include  the  destruction  of  all  refuse  of  every  kind,  these 
unfavorable  elements  must  be  considered,  and  with  a  well  designed  and 
properly  operated  destructor  there  is  no  practical  difficulty  that  cannot 
be,  and  I  may  say  has  not  been,  met. 

The  disposal  of  town  refuse  must  be  at  a  charge  in  any  events 
There  is  no  city  in  the  world  where  it  is  otherwise,  and  the  various 
methods  devised  for  utilization  are  but  expedients  to  reduce  this  charge. 
In  the  English  cities  such  methods  are  growing  less  and  less  in  favor, 
because  the  profits  therefrom  are  not  large,  and  there  still  remains  after 
separating  the  valuable  ingredients,  something  like  90%  of  the  bulk  of 
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the  original  refuse  to  be  disposed  of,  and  which,  if  disposed  of  in  a 
satisfactory  way,  should,  excepting  the  ashes,  be  disinfected.  Added 
to  this  is  the  fact  that  tipping  places  for  ashes  and  dust,  in  time,  become 
scarce  within  reasonable  distances  of  cities  ;  and  that,  although  there 
is  frequently  a  good  demand  for  clean  cinders  and  clinkers  for  building 
purposes,  when  they  are  mixed  with  house  refuse  they  are  valueless, 
and  thus  the  bulk  of  the  refuse,  as  stated  above,  amounts  to  about  90% 
of  the  collections. 
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When  refuse  is  burned  in  a  destructor  it  is  reduced  to  a  clinker 
amounting  usually  to  from  10%  to  33%  of  the  weight  of  the  original 
mass.  This  clinker  is  of  value  as  filling  and  roadmaking  material, 
and  when  ground  up  makes  good  mortar  and  concrete.  In  the  English 
cities,  almost  without  exception,  it  is  disposed  of  in  these  ways,  with- 
out difficulty  and  at  a  profit. 

The  power  generated  by  the  heat  is  utilized,  generally,  to  drive  the 
machinery  of  the  plant,  and  at  night  to  light  the  plant  by  electricity. 
Recently  it  has  been  utilized,  in  a  few  cities,  in  connection  with  the 
electric  in.stallations  of  the  towns,  for  which  it  is  sufficient  to  furnish 
power  for  the  day  load,  thus  reducing  the  cost  of  the  night  runs.  The 
possibilities  of  destructors  as  power  producers  have  not  yet  been 
reached.  One  plant  recently  installed  has  developed  nearly  four  times 
the  power  per  ton  of  refuse  consumed  that  has,  heretofore,  been  con- 
sidered practicably  attainable. 

As  a  short  summary  of  a  considerable  amount  of  data  gathered  from 
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many  towns  and  cities,  the  following  items  regarding  destructors  will 
indicate  the  English  practice  and  the  results  obtained. 

One  cell  is  generally  provided  for  8,000  people  ;  varying  from  3,ooO' 
to  20,000,  according  to  local  circumstances.  The  usual  grate  area 
provided  is  about  25  square  feet  to  each  cell.  The  average  cost  is 
about  $2,000  per  cell  in  moderately  small  plants,  and  decreases  to  about 
$1,000  per  cell  in  large  ones,  including  the  cost  of  chimney.  A  fair 
and  attainable  consumption  of  unscreened  refuse  is  from  7  to  8  tons  per 
cell  per  day,  when  burning  at  economical  rates,  and  from  10  to  27  tons 
as  a  maximum  with  strong  forced  draught  and  very  frequent  clinker- 
ing.  At  such  great  rates  the  cost  of  burning  is  very  much  more  per 
ton  than  at  the  lower  average  rate. 

The  burned  refuse  reduces  to  a  hard  vitreous  clinker  of  about  one- 
quarter  the  weight  of  the  original  refuse,  and  is  used  in  mortar,  con- 
crete, street  sanding,  sidewalk  paving-slabs  and  road  making. 
Ordinarily  the  working  value  of  one  cell  is  about  6  to  7  H.  P.  continu- 
ously with  thermal  storage,  varying  from  4^  to  about  30  H.  P.  in 
certain  plants  designed  specially  for  power  development.  The  .steam 
is  used  for  operating  mortar  mills,  fodder  choppers,  air  compressors,, 
sewage  pumping  machinery,  and  as  an  aid  in  electric  installations. 
It  is  also  used  in  steam  disinfecting  plants,  public  laundries  and  bath 
houses. 

The  cost  of  burning  the  refuse  after  its  delivery  at  the  destructors  is 
usually  about  37  to  50  cents  per  ton,  but  frequently  is  less  than  25 
cents.  In  some  cities  the  sale  or  use  of  the  products  of  the  combustion 
will  make  the  net  cost  of  burning  as  low  as  15  cents  per  ton.  These 
figures  refer,  of  course,  to  the  English  cities.  Such  as  I  have  for  the 
American  practice  are  much  higher.  This  may  be  due,  somewhat,  to- 
the  different  conditions  of  society,  but  it  may  be,  also,  principally 
chargeable  to  the  difference  in  methods  employed. 
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BY  IRVING  P.   CHURCH,  C.E.,  '73. 
(Including  abstracts  from  a  thesis  by  Mr.  B.  F.  Latting,  C.E.,  '94.) 

To  the  April  and  May  issues  of  the  Journal  of  the  Franklin  Institute 
for  1890  the  writer  contributed  an  article  entitled  "Water  Ram  in 
Pipes  ",  containing  a  theoretical  treatment  of  certain  cases  of  unsteady 
motion  of  water  in  a  pipe,  as  due  to  the  gradual  closing  of  a  valve  at 
the  discharging  end  ;  with  several  numerical  applications. 

In  1894,  Mr.  B.  F.  Latting,  of  the  Senior  class  in  Civil  Engineering 
at  Cornell  University,  took  up  the  subject  for  a  graduating  thesis,  and 
besides  making  some  further  developments  in  the  theory,  performed 
experiments  with  an  eight-inch  pipe  some  2300  feet  in  length  under  a 
head  of  300  feet.    These  experiments  will  be  described  later. 

It  is  the  purpose  of  the  present  paper,  after  re-stating  briefly  the 
theory  of  the  original  article,  in  a  form  adapted  to  immediate  purposes, 
to  give  an  account  of  Mr.  Latting' s  further  steps  in  applying  the 
theory  and  of  the  experiments  above  mentioned  ;  and  also  to  present 
some  later  theoretical  developments  by  the  present  writer,  with  numer- 
ical illustrations. 

Fig.  I  shows  a  vertical  and  longitudinal  section  of  a  long  level  pipe 
terminating  at  the  discharging  end  in  a  short  pipe  or  nozzle,  furnished 
with  a  valve-gate.  Through  the  pipe  and  nozzle,  with  full  sections, 
water  is  flowing  from  the  tank  or  reservoir,  R  ;  and  it  will  be  assumed 
that  the  motion  is  unsteady  ;  that  is,  that  the  velocity  of  the  long  cyl- 
inder, or  prism,  of  water  in  the  pipe  is  accelerating,  or  retarding.  For 
example,  if  the  whole  body  of  water  were  originally  at  rest  and  the 
nozzle  instantaneously  opened  to  its  full  extent,  the  water  in  the  pipe 
would  gradually  acquire  motion  and  its  velocity  become  accelerated  ; 
until,  after  a  greater  or  less  period  of  time,  depending  on  the  length  of 
the  pipe,  the  flow  would  become  practically  steady,  the  velocity  having 
reached  a  maximum  (velocity  of  steady  flow).  (According  to  strict 
theory,  however,  it  would  require  an  infinite  time  for  the  flow  to  be- 
come steady.)  Again,  after  a  steady  flow  had  been  in  progress  for 
some  time,  suppose  the  valve-gate  at  the  nozzle  to  be  instantaneously 
moved  far  enough  to  reduce  the  sectional  area  of  the  issuing  jet  (at 
contracted  section)  to  only  a  fraction  of  its  former  value  ;  the  water  in 
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the  pipe  would  gradually  he  retarded  in  velocity,  until  after  a  time  the 
flow  would  again  become  steady,  for  these  new  conditions.  Asa  third 
case,  let  the  valve  gate  be  moved  gradually,  while  opening  or  closing  ; 
then  during  the  progress  of  its  motion  the  velocity  of  the  water  in  the 
pipe  would  be  accelerated,  or  retarded,  according  to  circumstances  ; 
while  the  pressure  on  the  inside  of  the  pipe  at  m,  near  the  lower  end, 
would  fluctuate.  Our  problem  now  is  to  trace  the  fluctuation  of  this 
pressure,  when  an  unsteady  flow  is  caused  by  a  gradual  motion  of  the 
valve  ;  also  to  find  the  vakies,  at  diff"erent  stages,  of  the  other  variable 
quantities  concerned. 


Fig.  I. 


Referring  again  to  Fig.  i,  let  /  denote  the  length  of  the  pipe,  d  its 
diameter,  its  sectional  area,  =  \tt  \  and  u  the  velocity  of  the  water 
in  it  at  any  instant  e.,  n  is  variable).  Let  be  the  sectional  area 
of  the  sliort  cylindrical  pipe  forming  the  nozzle,  (both  F^  and  F^  are  con- 
stant) ;  and  F  that  of  the  jet  {i.  <?. ,  in  its  contracted  section  where  the 
filaments  are  parallel  and  under  atmospheric  pressure)  which  issues 
into  the  air  from  under  the  edge  of  the  valve-gate,    /^varies,  as  the 

F 

valve-gate  moves.    Let  the  ratio  —  be  denoted  by  x,  and  the  velocity 

^0 

in  the  jet  by  v,  so  that  we  have  v  =  -  (from  the  equation  of  continuity, 

Fv  — -  F^  u)  ;  will  denote  the  constant  ratio  F^  :  F^.  The  vertical  dis- 
tance from  reservoir  surface  to  the  nozzle  is  the  "head,"  /^,  which  in 
Fig.  I  also  =  rk,  the  pipe  being  supposed  level  in  the  case  of  that 
figure.  (Even  if  the  pipe  were  inclined,  the  corresponding  analysis 
would  still  lead  to  eqs.  (5)  and  (6),  to  be  established  presently,  so  long 
as  h  represents  the  head  of  the  nozzle.) 

The  position  m  in  the  pipe  is  taken  just  up-stream  from  the  nozzle, 


Unsteady  Flow  of  Water  in  Pipes —  Water  Ram.  33 


but  not  so  near  but  that  the  particles  of  water  in  the  cross-section  have 
practically  a  common  velocity  and  are  under  a  common  pressure  at  any 
instant ;  similarly,  position  n  is  just  down-stream  from  the  internal  con- 
traction, at  E,  occurring  at  the  entrance  of  the  pipe.  The  internal  fluid 
pressures  (lbs.  per  sq.  in.,  for  example)  in  these  two  positions  at  any 
instant  of  time,  will  be  denoted  by  and  p^,  respectively  ;  wdiile  p^ 
will  represent  atmospheric  pressure.  The  time  which  has  elapsed  up 
to  any  instant,  from  some  convenient  point  of  reckoning,  will  be  de- 
noted b}^  /.  By  du  we  understand  the  change  in  the  velocity  u,  occur- 
ring in  a  small  time  dt. 

Taking  the  acceleration,  — ,  of  the  velocity  21,  as  positive,  in  deriving 

general  formulas,  let  us  consider  the  forces  which  at  any  instant  act  to 
produce  this  acceleration  in  the  horizontal  prism  of  water  between  sec- 
tions n  and  m.  The  ma.ss  is  being  accelerated  in  a  horizontal  direction. 
At  the  head  of  the  prism,  is  the  resisting  pressure,  F^p^  \  at  the 
rear,  n,  the  forward  pressure,  F^p^  ;  both  of  these  being  horizontal. 
On  the  sides  of  the  prism  are  the  normal  pressures,  which  do  not  affect 
the  horizontal  motion  ;  and  the  fluid  friction  which  is  horizontal.  This 
latter,  according  to  Mr.  Fronde's  deductions  (skin  friction),  may  be 
written  equal  to  the  product  of  the  following  four  quantities  :  a  co-effi- 
cient /(ab.stract  number,  about  0.006)  ;  the  area  of  the  rubbing  surface 
(in  this  case  the  convex  surface,  Tvdl,  of  the  prism  of  water)  ;  the  spe- 
cific volume  of  the  liquid  (here  =  y,  =  62.4  lbs.  per  cnbic  foot)  ;  and  the 

height  due  to  the  velocity  u,  i.  e.,  The  mass  of  the  prism  of  water 

Fly 

is  ^,  while  its  weight  has  no  horizontal  component. 

g 

Hence,  writing  accelerating  force  =  mass  X  acceleration,  we  have, 
i.  e.,  after  reduction, 

A _ A> ^^fl       \L  •  (2) 

y     y      d    2g    g  dt' 

Now  the  distance  from  point  w  to  a  position  k  in  the  reservoir  at  the 
same  level  as  n  (but  just  far  enough  away  to  enable  us  to  regard  the 
water  there  as  under  simple  hydrostatic  pressure  and  without  appre- 
ciable velocity)  is  so  short,  that  the  flow  from  k  to  71  will  be  considered 
as  steady  at  all  times.  A  similar  remark  can  be  made  for  the  flow  from 
position  m  to  the  contracted  .section  of  the  jet  in  the  outer  air.  Hence, 
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from  the  ordinary  relations  for  steady  flow  in  Hydraulics  (Bernoulli's 

Theorem),  putting       -  as  the  loss  of  head  at  the  entrance      and  L  ' 
2^  '2^ 

as  that  at  B^,  (z^,  being  the  velocity  in  the  short  pipe,  so  that,  from 
v^  =  F^  u,  we  can  write  ),     we  have 

y  2g  2g' 

and    A._A_^^  (4) 

y     y    2g    2g  2g' 
whence   A_A  _      \  \- ^  ^  ^'1  (5) 
Substituting  from  (3)  in  (2),  we  have  also 

y  g  at      2g  V.  a  A 

Various  problems  can  be  treated  by  the  aid  of  these  two  equations,  (5) 
and  (6).  As  one  of  the  simpler  cases,  let  us  suppose  that  at  first  a 
steady  flow  is  proceeding  in  the  pipe  with  velocity  u^,  with  the  nozzle 
fully  open  ;  and  that  instantaneously  the  valve  is  partially  closed  so 
that  the  ratio  F :  F^,  or  x,  is  suddenly  changed  and  remains  constant  at 
this  new  value.  Under  these  circumstances,  reckoning  the  time,  /,  from 
the  instant  when  the  valve  was  changed,  w^e  note  that  the  differential 
equation,  (6),  deals  with  three  variables,/)^,  u,  and  /;  but  that  by  substitu- 
tion of  the  value  of  p^^  from  (5)  the  number  is  reduced  to  two,  viz. :  u  and 
/.  In  this  final  form  of  (6)  we  find  it  a  simple  matter  to  separate  the  vari- 
ables and  integrate,  thus  obtaining  21  as  a  function  of  t,  and  finally  both 
and  V  as  functions  of  In  other  words,  w^e  thus  secure  the  means 
of  computing  the  value  of  the  bursting  pressure,  —  p^,  at  the  part  m 
of  the  pipe,  for  any  assigned  instant  of  time  after  the  change  of  the 
valve  :  also  the  velocity  v  of  the  water  in  the  jet,  the  volume  of  water 
flowing  per  second,  =  Fv,  and  the  corresponding  "kinetic  power" 
(kinetic  energy  per  second)  of  the  jet ;  at  any  instant  (all  of  these  being 
variable). 

Again,  if  the  nozzle  had  been  originally  shut  and  the  water  at  rest, 
the  effect  of  a  sudden  and  entire  opening  of  the  nozzle,  (that  is  of  the 
assumption  by  of  a  value  xj,  can  be  traced,  and  the  time  determined 
necessary  for  the  velocity  in  the  pipe  to  assume  any  assigned  value 
(less,  of  course,  than  the  velocity  of  final  steady  flow).    Here,  again. 
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X  is  constant  and  the  same  method  of  elimination  and  integration  can 
be  followed  as  before  ;  but  the  initial  conditions  are  different. 

Note. — A  pecuHar  problem  is  presented  b}-  supposing  that  during  the  progress 
of  steady  flow  with  open  nozzle,  the  latter  is  instantaneously  and  entirely  closed, 
(the  pipe  remaining  rigid  and  rigidly  fixed  in  place).  This  would  give  x  constant 
and  =  o  ;  and  consequently  from  eq.  (5),  ic  not  being  zero,  we  obtain  p^  =  infinity . 
In  an  extreme  case  like  this,  however,  the  compressibility  and  elasticity  of  the 
water  would  be  brought  into  play,  and  the  pressure  would  be  obtained  from  the 
II  E 

formula  P  ^  =         ;  where  u^is  the  original  velocity  of  steady  flow  in  the  pipe, 

Vthe  velocity  of  sound  in  water  ^  and  E  the  modulus  of  elasticity  (of  volume)  of 
water.  That  is,  we  may  look  upon  this  as  a  case  of  longitudinal  impact  of  an 
elastic  prism,  treated  by  St.  Venant  on  p.  480^  of  his  translation  of  Clebsch  on  the 
' '  Elasticity  of  Solid  Bodies  ' '  ;  where  the  method  used  is  stated  to  have  been  first 
proposed  by  Babinet,  in  1829.  A  somewhat  similar  method  is  used  by  Mr.  J.  P. 
Frizell  (see  Proc.  of  Am.  Soc.  Civ.  Engineers  for  August,  1897)  when  treating  this 
case  of  the  instantaneous  closing  of  a  valve  at  the  discharging  end  of  a  pipe  ;  mth 
the  added  refinement  of  a  consideration  of  the  distension  of  the  pipe  itself  under 
the  great  bursting  pressure  induced. 

In  the  remainder  of  the  present  paper,  the  time  of  closing  the  valve  is  not  sup- 
posed to  be  so  short,  nor  the  length  of  the  pipe  so  great,  as  to  bring  into  play  the 
compressibility  of  the  water. 

Since  in  important  situations  valves  are  rarely  so  constructed  as  to 
admit  of  very  sudden  movement  through  even  a  portion  of  their  range, 
we  have  now  to  deal  wdth  the  gradual  and  continuous  progress  of  the 
valve  in  closing,  and  the  proper  treatment  of  eqs.  (5)  and  (6)  {x  being 
now  a  variable)  for  tracing  the  fluctuation  of  pressure  thus  induced  at 
the  section  m  of  the  pipe  near  the  valve  ;  see  Fig.  i. 

In  the  article  in  the  Journal  of  the  Franklin  Institute  already  referred 
to,  the  writer  made  trial  of  various  assumptions,  each  expressing  the 
variable  x  as  a  simple  function  of  the  time,  t,  reckoned  from  the  instant 
of  first  movement  of  the  valve  in  closing,  such  a  relation  being 
called  a  "law  of  closing".  Thus,  being  the  whole  time  occupied 
by  the  valve  in  closing,  the  "law  of  closing"  first  tried  was  x=r 
F        t  -  t 

-  ,  =  ;  that  is,  the  Dortion  of  the  opening  of  nozzle  still  un- 

closed  at  any  instant  was  made  proportional  to  the  time  still  remaining, 
(t^  —  t),  (the  "remaining  time")  before  final  closure.  In  another  as- 
sumption ji:  was  made  proportional  to  the  square  of  the  "remaining 
time".  It  was  found  that  under  these  circumstances  (making  an  as- 
sumption as  to  the  "law  of  closing")  integration  of  the  differential 
equation  [eq.  (6)]  could  only  be  accomplished  when  ^  was  put=o. 
With  a  zero  some  numerical  illustrations  were  worked  out,  and  the 
maximum  pressure  induced  during  the  closing  was  computed  in  each 
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case,  for  an  assumed  initial  velocity,  of  the  water  in  the  pipe. 
Later  in  the  article  hints  were  given  as  to  a  possible  graphic  integra- 
tion of  eq.  (6)  for  the  case  of  h  not  zero,  the  subject  being  then  discon- 
tinued for  lack  of  time. 

Coming  now  to  Mr.  Latting's  graduating  thesis  ;  in  the  earlier  part 
of  his  work  the  treatment  of  the  case  where  h  =  o  was  extended,  first 
by  making  proportional  to  the  cube  of  the  "remaining  time",  and 
then  to  the  fourth  power  ;  with  numerical  illustrations  showing  the 
amount  and  position  (in  time)  of  the  maximum  pressure  in  each  case. 
It  was  found  that  the  higher  the  power  the  earlier  the  occurrence  of 
the  maximum  pressure  ;  /  remaining  the  same  ;  but  that  the  smallest 
maximum  pressure  occurred  for  x  proportional  to  about  the  second 
power  of  the  "  remaining  time  ".  (It  should  be  added  that  in  all  these 
cases  where  ^  was  zero  the  area  was  taken  = ;  in  oilier  words 
there  was  no  nozzle  ;  also  friction  was  neglected.) 

The  next  case  treated  (with  h  still  zero)  was  where,  after  an  in- 
stantaneous motion  of  the  valve  to  a  new  position,  the  law  of  further 
gradual  closing  was  sought  such  that  the  pressure  at  m  should  remain 
constant.  This  was  the  first  case  in  which  Mr.  Latting  abandoned  the 
plan  of  assuming  a  law  of  closing,  {i.e.,  ot  assuming  x  as  function  of  /), 
adopting  instead  the  happy  expedient  of  assuming  a  relation  between 
such  variables  as  to  make  simple  or  unnecessary,  the  integration  of  any 
differential  equation.  Tlie  law  of  closing  corresponding  to  the  initial 
assumptions  was  determined  later. 

This  new  plan  was  then  applied  to  the  case  in  Fig.  i  {h  not  zero,  but 
with  =  Ff^\  i.e.,  no  nozzle)  the  following  assumptions  being  made  in 
turn  : 

First,  the  retardation  of  the  velocity,  21,  in  the  pipe  was  taken  as 

constant,  i.e.,  —  =  —  ~°  ;  ox  u  =  n^   ^1  ;    in  other  words,  the  de- 

creasing  velocity  in  the  pipe  was  to  be  directly  proportional  to  the  "  re- 
maining time  ".  These  two  relations  being  introduced  into  eq.  (6),  we 
have  immediately  — as  a  function  of  t,  {p^  —  being  the  burst- 
ing pressure  at  m)  and  hence  from  (5)  we  can  determine  what  function  of 
the  time  x  must  be,  to  produce  the  assumed  law  of  retardation  for  u. 

Similarl}^  in  another  case,  u  was  made  proportional  to  the  square  of 
the  remaining  time  ;  in  another,  to  the  cube  ;  in  another,  to  the  fourth 
power.  A  numerical  example  was  worked  out  for  each,  the  results 
tabulated  and  also  exhibited  graphically  by  curves,  the  whole  time  of 
closing  being  divided  into  ten  equal  intervals.  As  to  the  laws  of  clos- 
ing thus  obtained,  it  is  noticeable  in  all  of  them  that  it  is  necessary  for 
the  valve  at  the  beginning  of  the  closing  to  instantaneously  reduce  the 
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sectional  area  of  the  jet  \>y  a  very  large  fraction  (six  to  eight  tenths)  of 
its  original  value. 

For  the  last  case  treated  Mr.  Latting  took  the  actual  data  of  the  pipe 
with  which,  through  the  kindness  of  the  Ithaca  Water  Co.,  he  was  en- 
abled to  perform  experiments.  This  was  an  eight-inch  pipe,  2395  ft.  in 
length,  placed  in  position  to  conduct  water  from  the  pumping  station  on 
Six  Mile  creek  to  a  stand-pipe  on  the  adjoining  hill,  at  an  elevation  of 
some  300  ft.  above  the  station.  The  "blow-off"  branch  of  this  pipe 
was  fitted  with  a  cap  into  which  was  tapped  a  short  length  of  two-inch 
pipe,  with  valve-gate,  to  serve  as  nozzle.  A  steam  gauge,  previously 
tested,  was  inserted  in  the  side  of  the  pipe  at  the  point  m  (Fig.  i).  Co- 
efficients of  resistance  for  four  90°  and  two  150°  elbows  were  estimated 
and  introduced  into  their  proper  places  in  the  derivation  of  eq.  (6). 
Co-efficients  relating  to  the  valve-gate  and  short  pipe  were  obtained 
previously  by  direct  experiment  in  the  Hydraulic  Laboratory  of  the 
College  of  Civil  Engineering. 

The  data  were  as  follows  :  /=  2395  ft.  ;  d=\{\..  \  h  —  302  ft.  ;  ve- 
locity of  steady  flow  when  the  valve  was  fully  open,  =  6.4  ft.  per 
sec.  ;  =  0.37  ;  f  =  0.0056  ;  and  the  whole  time  of  closing,  as  pro- 
posed, t^  =  25  seconds.    Also,     =  0.0586,  =      :  F^. 

The  assumption  of  imiform  retardation  for  the  velocity,  ^^,  in  the  pipe, 
was  made.  i.  <?.,  that 

^  =  -"5.    and  ".(''■-0, 

From  eqs.  (6)  and  (5),  by  making  /  successively  equal  to  o  sec.  ;  2.5 
sec.  ;  5  .sec.  ;  7.5  sec.  ;  etc.,  up  to  25  sec.  ;  simultaneous  values  of p^—  p.^ 
and  X  were  obtained.  From  these  values  curves  have  been  plotted  in 
the  accompanying  diagram,  Fig.  2  ;  the  time,  t,  being  taken  as  ab.scissa, 
(increasing  from  left  to  right). 

The  uniform  decrea.se  of  the  velocity  11  is  shown  by  the  straight  line 
UB,  whose  ordinates  diminish  from  6.4  ft.  per  sec.  at  the  beginning  to 
zero  at  the  end  of  the  25  .seconds.  The  pressure  at  m  (above  the  atmos- 
phere) increases  from  T15.6  lbs  per  .sq.  incli  at  the  beginning  to  its 
maximum  of  138.8  at  the  end  of  the  closing.  (Note  that  the  axis  from 
which  pressure  ordinates  are  laid  off  is  con.siderably  (80  lbs.)  below  OB?) 
As  to  the  necessary  motion  of  the  valve-gate  the  value  of  x  (or  ratio  of 
F  the  sectional  area  of  the  jet  to  that,  of  the  pipe)  have  been  plot- 
ted, giving  as  a  result  the  curve  XB.  At  the  beginning  x  must  change 
instantaneously  from  .r  — 0.0586  {=  RO)  to  0.0568  {=  XO),  [in  order 
to  make  the  pressure  at  m  change  suddenly  from  107  lbs.  (for  .steady 
flow;  to  115. 6],  varying  thereafter  gradually,  according  to  the  ordinates 
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of  XB,  which,  though  nearly  straight  toward  the  end  of  the  closing,  is 

a  curve  of  the  fourth  degree.  The  actual  position  of  the  valve-gate 
itself,  corresponding  to  a  giv^en  value  of  x,  must  be  found  l)y  taking 
into  account  the  shape  of  the  orifice  under  the  edge  of  the  gate  and  the 


Fig.  2. 

contraction  of  the  jet.  By  preliminary  experiments  in  the  Hydraulic 
Laboratory,  Mr.  Latting  determined  such  relations  in  this  respect  as 
were  needed  for  the  proper  manipulation  of  his  apparatus. 

So  far,  only  theoretical  results  have  been  referred  to,  in  connection 
with  Fig.  2.  On  account  of  the  short  time  during  which  the  pipe  was 
available  for  his  use,  Mr.  Latting  made  only  two  experiments  as  a  test 
of  the  theoretical  results  just  quoted.  After  a  steady  flow  had  been 
established,  with  the  valve-gate  fully  open,  further  operations  (to  quote 
directly  from  the  thesis)  were  as  follows  : 

"The  motion  of  the  gate  is  regulated  by  plotting  a  curve  the  hori- 
zontal co-ordinate  of  which  is  time  (in  seconds),  and  the  vertical  co- 
ordinate the  actual  height  of  gate  bottom  from  lower  side  of  aperture. 
A  slide  moving  verticall}^  carries  a  pointer  and  is  attached  to  the  valve 
by  means  of  a  cord.  The  distance  of  this  pointer  from  the  horizontal 
axis  on  the  paper  gives  the  distance  of  the  gate  from  its  lowest  posi- 
tion ;  and,  as  the  gate  is  lowered,  the  pointer,  of  course,  moves  down 
the  page.  An  assistant,  holding  a  watch,  moved  the  paper  on  which 
the  curve  was  plotted  in  a  horizontal  direction.  The  paper  was  moved 
just  as  fast  as  time  increased,  to  the  scale  on  which  the  abscissa,  time. 
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was  plotted  ;  and  at  the  same  time  the  operator  moved  the  gate  down 
so  as  to  make  the  pointer  trace  the  curve  previously  plotted.  Another 
assistant  read  the  gauge  at  the  end  of  each  five  seconds." 

The  actual  pressures  as  shown  by  the  gauge  in  these  two  experiments 
are  plotted  in  Fig.  2,  a  cross  being  used  for  Exper.  i,  and  a  circle  for 
Exper.  2.  (As  before  stated,  it  must  be  remembered  that  the  axis 
from  which  these  pressures  are  laid  off  is  80  lbs.  below  the  line  OB.) 
The  figures  from  which  these  pressures  in  Fig.  2  have  been  plotted  are 
as  follows  : 

Actual  value  of  /"m— A 
Theoretical  value  of       in  lbs.  per  sq.  inch 
Time  from  begin-         Pm—p^  in  lbs.  per  in  Experiment  Ditto  in  Experi- 

ning,  seconds.  sq.  inch.  No.  i.  ment  No.  2. 

0.0   115.6   112   115 

2.5   I20.I     

5.0   124.0   120    122 

7.5   127.4    

lo.o   130.6   125   124 

12.5   133.0    

15.0   135.3   135    130 

17.5   136.7    

20.0   137.8   140   142 

22.5   138.5    

25.0   138.8   143   144 

Of  these  values  Mr.  Latting  remarks:  "The  discrepancies  between 
the  computed  and  actual  pressures  are  due  to  the  inability  of  the 
operator  to  move  the  valve  exactly  according  to  the  required  law.  But 
these  figures  show  a  fairly  good  agreement  between  theory  and  experi- 
ment." 

Attention  should  be  called  to  the  fact  that  in  Fig.  2  the  actual  pres- 
sures are  at  first  lower  than  the  theoretical,  while  toward  the  end  of 
the  closing  they  are  somewhat  higher.  This  is  noticeable  in  both  ex- 
periments. The  explanation  would  seem  to  be  that  the  instantaneous 
closing  up  of  about  four  per  cent,  of  the  opening  under  the  valve  at  the 
beginning  of  its  motion,  as  demanded  by  theory,  in  order  to  check  the 
velocity  of  the  water  in  the  pipe  in  accordance  with  the  assumptions 
made,  cannot  strictly  be  brought  about.  Even  with  the  best  approxi- 
mation to  it,  the  valve  would  be  tardy  in  reaching  its  proper  positions 
in  the  first  part  of  the  operation.  Hence  the  velocity  in  the  pipe  would 
not  be  checked  so  rapidly  at  first  as  called  for  by  theory,  and  conse- 
quently toward  the  end  of  the  closing  a  greater  rate  of  retardation,  and 
hence  a  greater  pressure  at  would  be  produced  than  that  theoretic- 
ally due,  if  the  prescribed  total  time  of  closing  be  realized. 

(Some  further  theoretical  developments  by  the  present  writer  will 
now  be  set  forth.) 

Let  us  now  investigate  the  forms  of  the  lawjof  closing  (referring 
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again  to  the  complete  data  of  Fig  i)  in  two  cases  where  the  law  of  re- 
tardation of  the  velocity  u  in  the  pipe  is  so  chosen  as  to  avoid  the 
necessity  of  an  initial  instantaneons  movement  of  the  valve  through  a 
finite  portion  of  its  range.  This  means  that  the  pressure  at  m  is  not  to 
change  suddenly  at  the  beginning  of  the  motion  ;  to  secure  which  effect 

it  is  evident  from  eq.  (6)  that  we  must  have      =  o  for  t  —  o.    In  other 

dt 

words,  the  velocity-line  (such  as  UB  in  Fig.  2)  must  have  a  horizontal 
tangent  at  its  initial  point  U,  and  hence  cannot  be  a  single  straight 
line.  It  must,  of  course,  pass  through  B,  at  the  end  of  the  time,  t^ ; 
and  must  be  a  smooth  curve  throughout  if  there  are  to  be  no  sudden 
changes  of  pressure  at  w  and  (correspondingly)  no  instantaneous  mo- 
tions of  the  valve  gate  over  finite  portions  of  its  range.    That  is,  the 

inclination       must  not  change  suddenly  at  any  point. 
dt 

Case  i.  As  a  complete  illustration  of  this,  let  us  assume  in  Fig.  i 
the  following  numerical  data  :  Let  /  =  3220  ft.  ;  h  =■  300  ft.  ;  0.50; 
y"=  0.006  \  d  =  d>  in.  =  J  ft.  With  a  two-inch  pipe  as  nozzle,  we  have 
j^i,  =F^  :  Fq,  =  i^y,  so  that  Xi'=-zi^.    Let  ^1  be  taken  as  0.40. 

For  these  data,  by  well  known  formulas  of  hydraulics,  using  the 
value  32.2  for  the  acceleration  of  gravity  (for  foot  and  second)  we  find 
the  velocity  of  steady  flow  in  the  pipe  to  be  n^  =  6.2,']  ft.  per  sec.  with 
the  nozzle  fully  open  ;  and  let  us  inquire  at  what  rate  {i.e.,  x  =  what 
function  of  /*?)  the  sectional  area  of  the  jet  must  be  reduced  to  com- 
pletely stop  the  flow  in  the  short  time  of =  10  sec,  assuming  the 
21  t"^ 

relation     —    = for  the  rate  of  retardation  of  the  velocity,  u,  in 


the  pipe.  The  curve  UB  of  Fig.  3,  represents  this  relation  and  is 
nothing  more  than  a  parabola  passing  through  B  with  its  vertex  at  U 
and  axis  vertical  ;  that  is,  its  tangent  line  at  ^ is  horizontal,  to  satisfy 

du 

the  condition  that  for       o,  — -  shall  be  zero. 

dt 

By  differentiation  we  find 


and  hence,  with  the  foot,  pound,  and  second  as  units,  we  have,  after 
substitution  in  eqs.  (5)  and  (6), 


du 

dt 


300  +  12.74  /  —  1-830  ; 


(7) 


(8) 


and,  as  already  stated, 
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?^=^6.37ri  —\  (9) 

L  looJ 

The  time  /  being  successively  put  equal  to  o  ;  i  sec.  ;  2  sec.  ;  3  sec. ; 
etc.;  up  to  10  sec.  (that  is,  the  whole  time  of  closing  is  divided  into  ten 
equal  intervals)  ;  the  writer  compuled  the  corresponding  values  of  u, 

—  p^,  X,  and  V  (velocity  in  jet),  and  plotted  the  corresponding  curves 

shown  in  Fig.  3;  in  which  the  pressure-head  ^^-^ — —  (feet)  has  been 

used  instead  of  the  pressure  itself  (bursting  pressure  at  ni,  above  the 
atmosphere). 

In  Fig.  3  we  note  that  tlie  curve  XB  (;ir  =  func.  of/)  or  curve  of 
reduction  of  jet-area,  is  convex  upward  throughout  ;  whereas  in  the 
case  shown  in  Fig.  2,  it  is  convex  downward.  The  pressure-head  at  m 
in  the  present  case  increases  steadily  from  225.8  ft.  at  the  beginning,  to 
a  maximum  of  427  ft.  at  the  ver}-  end  of  the  closing,  as  we  should  ex- 


pect since  from  eq.  (6)  it  appears  tliat  the  maximum  pressure  will  occur 

at  or  near  the  time  of  the  greatest  value  of      ;  i.  e.,  where  the  tangent 

dt 

to  the  curve  for  velocity  u  makes  its  greatest  angle  with  the  horizontal 
(at  B  in  the  present  case).    The  static  head  at  m  is  300  feet. 
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The  velocity,  v,  in  the  jet  increases  from  102  ft.  per  sec.  (that  of 
steady  flow)  to  its  maximum  of  165.8  ft.  per  sec.  at  the  end  of  the  clos- 
ing (at  which  time  the  sectional  area  of  the  jet  is  infinitely  small). 
This  is  shown  by  the  curve  VV\  Fig.  3. 

Another  quantity  has  also  been  computed  and  a  curve  plotted  for  it, 
viz.  :  the  kinetic  power  of  the  jet ;  i.  e.,  the  kinetic  energy  of  the  amount 
of  water  flowing  per  second  in  the  jet  (ft. -lbs.  per  second.)  This  quan- 
tity, K,  is  derived  thus  : 

K  =  (ma.ss  per  sec.)     v^  2 

_F,uy  ,vl_F,y    u\^  (10) 

g         2  2g 

and  is  represented  by  the  ordinates  of  the  curve  KK' D.  Its  initial  value 
(same  as  for  steady  flow)  is  22,450  tt.-lbs.  per  sec.  (some  40.8  horse- 
power), but  it  soon  increases  to  a  maximum  of  29,900  ft. -lbs.  per  sec.  at 
about  the  end  of  the  first  five  .seconds  ;  diminishing  therefrom  to  zero  at 
the  end  of  the  whole  ten  seconds  of  closing.  This  illustrates  the  fact 
that  if  the  closing  of  the  valve  is  brought  about  by  the  governor  of  a 
jet-water-wheel,  in  order  to  diminish  the  power  of  the  jet,  the  first  effect 
of  the  operation  is  just  the  contrary  of  that  intended. 

Case  II.  The  effect  of  causing  the  maximum  pressure  to  occur  at 
about  the  middle  of  the  time  of  closing  will  now  be  investigated  by 
choosing  a  curve  for  velocity-reduction  in  the  pipe,  which,  while  as 
simple  as  possible,  shall  have  its  greatest  obliquity  at  the  middle  of  4, 
all  other  data  being  the  same  as  in  Case  /,  including  the  time  of  closing 
(ten  sec). 

For  this  (compound)  curve,  parts  of  two  parabolas  have  been  selected, 
equal  in  dimensions,  but  one  of  them  inverted,  as  shown  by  UTB  in 
Fig.  4.  At  the  mid-point  T,  they  have  a  common  tangent,  forming  to- 
gether a  reversed  curve  terminating  in  U  and  B  and  having  a  horizon- 
tal tangent  (as  required)  at  U ;  with  no  sudden  change  in         For  the 

dt 

left-hand  curve  t/Z,  (/  =  o  to  5  sec), 

we  have  u^  —  u=  ;  (i  0 

^•"^  dt=--f'  ^  ^ 

while  for  ^  =  5  to  lo  sec.  (right-haud  curve  TB),  we  have 


(13) 
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and 


du  _  4?^o(/o- 
dt  t' 


(14) 


Assuming  values  of  /  differing  by  whole  seconds  from  o  to  10  sec,  as 
before,  and  computing  and  plotting  simultaneous  values  of  the  other 
variables,  use  being  made  of  eqs.  (5),  (6),  (11),  (12),  (13),  (14),  the 
curves  of  Fig.  4  have  been  obtained.  In  the  curve  for  pressure-head  at 
m,  PP\  we  find  that  the  maximum  occurs  at  the  middle  of  the  time  of 

iooLil:  
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clo.sing  and  that  its  value  is  409  ft.,  the  initial  and  final  being  225.7  ft., 
and  300  ft.  (the  static  head),  respectively.  Therefore  by  this  new  as- 
sumption, the  maximum  pressure-head  has  been  reduced  from  427  to 
409  ft.  The  curve  for  .r,  or  "  law  of  closing,"  proves  to  be  a  reversed 
curve,  the  first  part  of  which  with  convexity  upwards  corresponds 
roughly  to  an  increasing  pressure  ;  the  latter  part,  with  convexity 
downward,  to  a  decreasing  pressure.  It  will  be  noticed  from  this  curve 
that  the  reduction  of  jet-area  is  proceeding  most  rapidly  near  the  middle 
of  the  closing  but  is  quite  gradual  toward  the  end  (near  differing 
markedly  in  this  respect  from  the  corresponding  curve  in  Case  I,  (Fig. 
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3).  The  velocity,  of  the  jet  (see  curve  VV\  Fig.  4)  reaches  its 
maximum  value,  159  ft.  per  sec,  at  about  the  instant  of  maximum  pres- 
sure ;  its  initial  value  being  the  same,  of  course,  as  for  the  original 
steady  flow,  i.  e.,  102  ft.  per  .sec.  ;  while  the  final  value,  139  ft.  per  .sec, 
is  considerably  less  than  that  in  Ca.se  I. 

In  the  curve  for  Kinetic  Power,  KK'D,  the  maximum  is  reached  at 
about  3.5  sec  from  the  beginning  and  has  a  value  of  some  32,000  ft.- 
Ibs.  per  sec  This  is  a  little  greater  than  in  Ca.se  I.  The  initial  and 
final  values  are,  as  in  Case  I,  22,450,  and  zero,  ft. -lbs.  per  sec,  respect- 
ively. 

From  the  two  cases  thus  treated  it  is  evident  that  for  a  fixed  time  of 
closing,  /,„  the  value  of  x  should  decrease  rather  rapidly  at  first,  but 
very  gradually  toward  the  end  (see  XB,  Fig.  4),  in  order  to  make  the 
maximum  pressure  at  ;//  as  small  as  possible  ;  still,  this  should  not  be 
carried  to  an  extreme,  causing  that  maximum  pressure  to  become 
greater,  though  occurring  earlier  in  the  motion. 

As  to  the  effect  on  the  maximum  pressure,  of  shortening  the  whole 
time  of  closing  in  the  case  of  the  single  parabola  for  velocity  u  (Case  I, 
Fig.  3,  where  the  maximum  pressure  occurs  at  the  end  of  the  closing), 

we  note  by  inspecting  eq.  (6),  with  -  =  —  — "    ,  that  the  excess  of 

dt  /„ 

the  bursting  pressure  at  771  over  the  static  pressure  is  inversely  propor- 
tional to  the  whole  time  of  closing. 

This  wnll  also  be  true  for  Case  II  unless  4  is  quite  large,  in  which 
case  the  maximum  pressure  may  not  occur  at  the  middle,  but  near  the 
end  of  the  closing.    For  other  assumptions  of  the  relation  u  =  func. 
it  would  be  necessary  to  investigate  separately. 

Another  interesting  and  practical  problem,  whose  details,  however, 
will  not  be  entered  into  here,  is  the  search  for  the  law  of  retardation  (of 
velocit3'  7c  in  pipe)  corresponding  to  a  co7ista7it  value  of  the  pressure  at 
771.  A  parabola  like  UT\\\  Fig.  4,  might  be  first  a.ssumed  for  a  small 
fraction  of  the  time  of  closing,  .so  as  to  raise  the  pressure  rapidly  to  the 
figure  at  which  it  is  to  remain  constant  during  the  remaining  time.  In 
this  way  probabl}-  the  smallest  maximum  pressure  could  be  obtained 
for  a  given  time  4  ;  tiie  corresponding  proper  valve  motion  being  found 
later. 

It  is  hoped  that  the  foregoing  theoretical  discussions  and  the  account 
of  Mr.  lyatting's  investigations  and  experiments  will  be  interesting,  and 
perhaps  profitable,  to  those  engaged  in  the  design  and  management  of 
long  supply  pipes  conducting  water  to  hydraulic  motors  of  various 
types. 


ORGANIZATION  OF  A   RAILWAY  ENGINEERING 
DEPARTMENT. 


WILLARD  BEAHAN,  C.K.,  '78. 

During  an  extended  term  of  railway  engineering  work,  equally  di- 
vided in  point  of  time  between  location,  construction  and  maintenance 
of  way,  the  wTiter  alwaj'S  felt  that  on  maintenance  of  way  he  did  less 
real  service  for  each  dollar  received  than  on  location  or  construction. 
The  late  William  Kerrigan,  when  General  Superintendent  of  the  Mis- 
souri Pacific  Railway,  asked  the  writer  shortly  after  the  latter  had  left 
maintenance  of  way  on  that  system  for  work  again  on  its  new  lines,  if 
he  did  not  wish  to  return  to  maintenance  of  way.  The  writer  replied 
that  he  did  not,  for  he  felt  that  he  did  not  earn,  as  the  operating  de- 
partment was  then  organized,  even  the  lower  salary  of  maintenance 
w^ork.  To  this  fact  Mr.  Kerrigan  gave  ready  assent.  This  experience 
is  not  unusual  among  railroad  engineers  who  have  seen  considerable 
service  in  the  three  departments  mentioned  above.  The  fact  should 
be  borne  in  mind  throughout  this  paper  that,  while  the  writer  has  a 
fair  acquintance  with  many  railroads,  he  has  worked  for  but  two, — the 
Lehigh  Valley  and  the  Missouri  Pacific. 

The  object  of  this  paper  is  to  point  out  a  better  organization  of  the 
engineering  department  of  our  railroads  with  a  view  to  saving  money 
for  the  owners  of  the  stock  and  bonds  of  the  roads.  All  will  concede 
that  whatever  can  suggest  economy  of  expenditures  in  American  rail- 
ways is  now  opportune.  It  is  not  the  purpose  of  this  paper  to  build  up 
the  engineering  profession  assuch.  Railroad  corporations,  like  govern- 
ments, are  to  be  cared  for,  and  not  to  care  for  employees.  Railroad 
companies  are  largely,  if  not  for  the  most  part,  made  up  of  small  stock- 
holders who  are  frequently  people  of  moderate  wealth  or  widows  or 
orphans.  It  is  high  time  educated  engineers  awoke  to  that  fact  and 
shaped  their  walk  and  conversation  accordingly.  Every  time  a  rail- 
road passes  into  a  receiver's  hands  it  means  destitution  to  many  feeble 
people,  or  to  children  whose  sole  support  was  a  dividend  on  that  stock. 
Every  reorganization  means  that  another  number  of  like  incapacitated 
ones  whose  only  dependence  was  in  the  bonds  which  were,  of  necessity, 
partially  wiped  out,  shall  suffer  loss.  A  speech  by  the  Hon.  Chauncey 
M.  Depew  at  Rochester  last  autumn  is  pertinent  on  this  point.  He 
45 
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stated,  if  my  memory  be  correct,  that  the  Vanderbilt  family  sold,  as  a 
matter  of  wise  policy,  some  years  ago,  a  large  block  of  New  York  Cen- 
tral stock  to  an  English  syndicate.  This  sale  removed  from  that  family 
the  ownership  of  a  controlling  interest.  Mr.  Depew  stated  the  number 
of  holders  of  stock,  and  called  attention  to  the  fact  that  the  control  of  the 
road  was  in  many  hands.  He  showed  clearly  that  his  duties  as  presi- 
dent or  the  duties  of  a  brakeman  had  a  common  aim.  The  president's 
duty  to  the  stockholders  was  to  make  the  road  earn  a  dividend  on  the 
stock.  Failure  endangers  dismissal  to  employee  and  entails  suffering 
upon  investor.  It  is  seldom  that  one  man  or  even  one  family  owns  the 
majority  of  the  stock  of  a  road.  The  reason  is  not  far  to  seek,  for  ex- 
perience has  shown  that  owning  a  majority  of  the  stock  is  not  prac- 
tically necessary  in  order  to  control  the  road.  In  voting,  some  stock 
always  follows  the  strong  holders.  When,  as  engineers,  we  expect  cor- 
porations to  care  for  us,  we  are  simply  looking  to  our  poor  relations  to 
support  us.  When  we  give  less  than  our  heartiest,  manliest  efforts  to 
a  railroad  employing  us,  we  are  as  culpable  as  the  responsible  employee 
of  an  asylum  who  sleeps  at  his  post.  This  will  be  new  doctrine  to 
some.  The  sad  part  of  it  is  that  it  is  true  and  so  growing  in  truth. 
Were  it  all  false,  it  would  still  hold  that  whether  one  man  or  one  hun- 
dred thousand  men  owned  the  road,  our  devotion  is  demanded  just  the 
same. 

It  seems  necessary  to  explain  to  those  not  railroad  men  that  the  west 
has  just  emerged  from  the  autocratic  age  in  American  railroading. 
Such  phases  have  their  uses,  and  must  of  necessity  exist  in  the  de- 
velopment of  new  countries.  Hon.  Cecil  Rhodes  apparently  thinks  the 
autocratic  age  has  not  yet  passed  in  English  colonization.  Autocrats 
are  necessary  to  young  railroads,  or  to  old  ones  in  their  aggressive 
periods.  But,  an  autocrat  is  not  an  economist  or,  usually,  a  safe  ad- 
ministrative officer.  The  late  A.  A.  Talmage  while  with  the  Missouri 
Pacific  Railway  once  sent  an  employee  into  a  certain  territory  desired 
by  that  company  for  an  important  extension.    His  entire  instructions 

to  that  employee  were,  "  Go  up  and  whip  those  fellows  who 

are  trying  to  get  a  line  there."  It  was  done.  His  line  and  not  the 
enemy's  occupied  the  desired  territory.  It  cost  some  more  to  do  it  than 
it  otherwise  might,  but  the  end  justified  the  method.  The  economics 
of  peace  do  not  apply  to  war.  But  now  there  is  surely  profound  peace 
in  railroad  construction.  The  late  D.  W.  Washburn,  then  chief  engi- 
neer of  Mr.  Gould's  construction  companies  in  Texas,  once  repri- 
manded a  locating  engineer.  This  engineer  had  been  sent  some  four 
hundred  miles  to  find  a  suitable  crossing  of  a  difficult  river  toward 
which  preliminaries  could  be  directed.    He  returned  with  an  impracti- 
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cable  crossing,  excusing  himself  b}^  saying  that  the  Indians  were  bad, 
his  men  complained  about  a  shortage  of  water,  etc.  Mr.  Washburn 
closed  the  subject  in  these  words  :  "If  you  were  dead  no  excuse  would 
be  necessary.  As  you  seem  to  be  alive,  no  excuse  is  sufficient." 
These  laconic  statements  of  two  men  of  that  past  age  exemplify  my 
point.  Surely  "  there  were  giants  in  those  days."  ,  All  honor  to  them, 
and  all  shame  to  those  w^ho  criticise  them  now  that  they  have  passed 
awa\\  Often,  they  died  by  reason  of  their  own  methods  of  manage- 
ment. Some  of  you  will  recall  the  newspaper  headline,  "You  can't 
kill  Tom.  Potter,"  which  appeared  at  the  time  Mr.  Potter  left  the 
Burlington  to  take  charge  of  the  Union  Pacific.  You  will  remember 
that  in  two  years  he  was  dead.  He  was  endeavoring  to  master  every 
detail  of  the  Union  Pacific  as  he  had  mastered  those  of  the  road  he 
had  just  left,  but  with  which  he  had  grown  up.  It  always  seemed  to 
the  writer  that  the  climax  of  one-man  power  in  American  railways  of 
the  west  was  Mr.  Talmage's  death  in  his  office  car  as  he  went  about  in 
almost  ceaseless  vigilance  and  study  over  his  lines.  Other  incidents 
quite  as  pertinent  will  occur  to  the  minds  of  m}^  railroad  readers. 

This  class  of  men  taught  the  writer  much  in  railroading,  and  toler- 
ated not  a  few  of  his  amateur  blunders.  Far  be  it  from  our  wish  to 
criticise  departed  friends.  But  the  autocrat  in  railroading  has  left  as  a 
legacy  a  theory  which,  like  the  Jacksonian  theory  in  politics,  is  most 
lamentable.  That  theor}',  necessary  to  the  aiitocratic  system  of  manage- 
ment, and  therefore  perfectly  justifiable  then,  was  that  each  subordinate 
must  be  the  superior's  "  man.''  Originally  this  meant  that  each  sub- 
ordinate must  be  the  same  type  of  man  as  his  immediate  superior,  and 
with  the  same  methods  of  work.  That  idea  is  necessary  to  the  auto- 
cratic method  of  railroading  ;  and  it  is  not  the  worst  of  railroad  ideals, 
by  any  means.  Carried  to  extremes,  however,  and  especially  when 
used  by  lieutenants  and  sergeants  as  well  as  by  generals  in  railroading, 
it  soon  degenerates  into  saddling  upon  a  corporation  quite  worthless 
men  to  do  a  little  and  do  it  poorly  for  a  fair  salary.  Early  in  the 
writer's  experience  in  railroad  construction,  the  secretary  of  the  com- 
pany "hauled  him  up  on  the  carpet,"  as  railroaders  say,  for  dis- 
charging the  nephew  of  the  president.  The  explanation  was  so  un- 
reserved and  satisfactory  that  the  writer  was  thanked  instead  of  being 
discharged.  Further,  the  secretary  said  that  he  would  explain  the 
matter  to  the  president  who  wished  to  know  if  his  nephew  was  lazy» 
Engineers  too  often  retain  worthless  nephews  in  order,  as  they  think, 
to  retain  their  own  positions.  The  above  instance  shows  what  the 
tenure  of  office  of  all  relatives  of  all  employees  or  officials  should  be. 

There  is  another  phase  of  this  evil.    A  capable  and  well  intentioned 
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young  man  was  once  sent  to  report  to  the  writer  for  duty  on  engineering 

work.  This  young  man  asked,  as  a  favor,  that  the  fact  that  his  uncle 
was  the  vice-president  of  the  road  be  kept  from  all  his  employees. 
"For,"  said  he,  "on  the  party  where  I  have  been  they  all  knew  who  I  was 
and  when  I  did  good  work  and  got  an  earned  promotion  no  one  gave 
me  any  credit,  but  thought  I  got  it  because  of  my  uncle."  Because 
of  our  present  lack  of  esprit  de  corps  a  young,  capable  engineer  who  is 
a  relative  of  an  official  is  soon  shamed  into  leaving  the  road.  There 
are  many,  no  doubt,  who  have  seen  such  cases.  Few  of  this  young 
man's  fellow  employees  think  for  a  moment  that  his  promotion  is  on 
merit,  for  they  know  theirs  is  not,  but  is  the  result  largely  of  personal 
friendship.  The  families  who  are  large  owners  in  railroads  have  no 
sons  growing  up  in  the  engineering  departments.  They  have  in  other 
departments,  perhaps. 

Even  worse  than  relationship  is  the  living  of  the  "good  fellow." 
A  head  of  department  once  reprimanded  the  writer  because  his  party 
was  made  up  of  men  who  would  fight,  the  enemy  at  any  time,  and 
occasionally  each  other.  The  reply  was,  "  I  am  so  sick  of  nice  'good 
fellows'  that  if  you  can  show  me  a  man  in  that  old  party  who  will  not 
fight,  I'll  discharge  him."  A  party  of  good  fellows'"  always  has  its 
cost  of  work  per  unit  too  high  for  economy.  A  man's  ojily  value  on  a 
party  is  measured  l^y  what  he  is  capal^le  of,  and  can  be  relied  upon  to 
do.  May  the  writer  be  allowed  to  say  here,  with  due  modesty,  that  the 
secret  of  whatever  success  in  field  work  has  been  his  lot  lies  in  that 
last  sentence.  There  is  absolutely  no  place  whatever  for  any  but  the 
best  men  obtaijiable.  These  personal  experiences  in  the  personnel  of 
engineer  organizations  seem  more  pertinent  and  brief  than  any  abstract 
reasoning,  hence  their  insertion.  In  closing  this  disheartening  phase 
of  our  subject,  it  may  be  said,  that  during  eighteen  years'  experience 
and  observation  in  engineering  parties,  mainly  in  railroad  work,  the 
writer  feels  that  two-thirds  of  all  the  men  he  has  seen  in  subordinate 
positions  below  transitmen  received  and  held  their  places  through  per- 
sonal friendship  rather  than  through  merit.  For  obvious  reasons, 
transitmen  and  engineers  of  all  higher  grades  must  be  employed  with 
at  least  some  reasonable  presumption  of  fitness.  The  evil  does  not, 
however,  disappear  in  their  case.  Chiefs  of  parties  and  engineers  of 
higher  rank  are  amenable  to  the  laws  of  business.  When  you  wrong 
a  stockholder  to  advance  3^our  own  interests,  nature's  laws  will  punish 
you  in  your  life's  race. 

Having  full}^  considered  the  historj'  and  the  growth  of  the  evils,  we 
pass  to  the  remedies  for  them,  hoping  that  the  past  may  throw  light 
upon  the  future.    For  example  :  What  is  the  remedy  for  the  evils  of 
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relationship  and  good-fellowship  ?  The  answer  is  quite  obvious.  Do 
awaj^  with  hiring  a  man  and  appoint  him  instead.  Use,  in  short,  a 
form  of  civil  service  in  appointment  and  promotion.  The  abuse  came 
in  through  one-man  power,  now  degenerated.  Correct  it  where  it 
started  by  having  07ie  man  appoint,  subject  to  the  approval  of  another 
man. 

The  service  rendered  b}^  maintenance  of  way  engineers  is  too  little. 
What  is  the  remedy  ?  It  is  the  remedy  Gen.  Butler  suggested  when  in 
'61  the  negroes  flocked  to  the  Union  lines,  viz  :  "  They  are  contraband 
of  war.  Put  them  at  work  on  the  fortifications."  So,  when  a  road  has 
been  built,  it  is  the  part  of  wisdom  to  put  a  sufficient  number  of  the 
engineers  known  to  be  capable  and  reliable  at  work  taking  care  of 
what  they  have  built.  The  late  George  S.  Noble,  of  the  Texas  and 
Pacific  Railway,  is  said  to  have  defined  an  engineering  department  as 
' '  a  necessity  during  location  and  construction  and  a  necessary  evil  in 
operating  a  railroad."  If  there  be  a  department  that  is  a  necessary 
one,  it  is  due  to  the  stockholders  that  the  manager  make  that  necessary 
department  a  good  and  not  an  evil  to  the  capital  invested.  Many  rail- 
road managers  today  have  an  engineer  department  merely  because  they 
have  not  succeeded  in  avoiding  it,  and  think  they  are  wise  in  having 
their  engineers  do  an  imperceptible  service.  They  do  not  know  how 
to  make  use  of  their  engineers  and  most  of  the  money  paid  for  them  is 
wasted. 

No  outline  of  railroad  organization  can  have  general  application,  of 
course.  What  is  best  suited  for  one  road  may  be  inefficient  on  all  other 
roads.  Nor  should  any  organization  be  built  around  men  and  made  to 
fit  their  peculiarities.  This  error  is  bringing  pandemonium  to  excellent 
roads.  Years  ago  a  particular  department  had  its  limitations  defined 
for  a  certain  man.  He  filled  the  place,  of  course.  He  was  eccentric 
in  growth.  Since  his  death  no  one  has  properly  filled  the  place,  or 
ever  can.  The  place  remains  partially  administered.  All  contiguous 
departments  are  still  peculiar  becau.se  this  one  man  was  peculiar. 
Again  we  say,  corporations  are  here  to  be  cared  for  and  not  to  care  for 
us. 

In  the  broadest  of  generalizations,  railroad  management  is  divided 
under  the  following  heads :  Administration.  Construction,  Traffic, 
Transportation  and  Motive  Power.  With  the  department  of  Ad- 
ministration this  paper  is  not  concerned  save  to  say  that  there  is  an 
officer  of  the  department,  usually  called  a  Vice-Presid-ent  and  General 
Manager,  whom  we  shall  term  the  General  Manager.  To  this  General 
Manager  the  heads  of  all  other  departments  report,  and  through  him 
their  instructions  are  receivedjy  Over  his  head  does  no  one  report  to 
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some  one  beyond.  This  man  is  in  some  companies  the  President. 
The  Traffic  Department,  at  the  head  of  which  is  the  Traffic  Manager, 
is  now  well  defined  on  most  railroads  and  with  it  this  paper  has  nanght 
to  do.  The  Motive  Power  Department  is  also  outside  the  province  of 
this  article. 

The  Construction  and  Transportation  Departments  are  those  with 
which  civil  engineers  are  associated.  That  they  are  two  departments 
and  not  one  has  been  the  cause  of  much  strife,  many  painful  efforts  at 
harmonizing,  and  too  often  an  abandonment  of  it  all  with  the  conse- 
quent loss  which  failure  entails.  Let  us  consider  where  the  difficulties 
of  our  problem  lie. 

Crankiness  on  the  part  of  engineers  and  bullheadedness  on  the  part 
of  superintendents  has  caused  most  of  the  trouble.  We  have  not 
fought  /br  the  company  but  fought  the  company.  Whoever  won,  the 
stockholder  lost.  It  seems  to  be  conceded  that  one  man  cannot  operate 
and  another  man  maintain  a  division  of  a  railroad.  "  But,"  says  our 
engineer,  who  has  more  wit  than  pedigree,  "  I  cannot  be  expected  to 
work  under  a  superintendent  who  was  foreman  on  my  track-laying 
gang  in  construction  days  or  ran  a  material  train  but  has  now  been 
promoted  from  roadmaster  or  trainmaster  to  superintendent."  The 
right  reply  to  this  engineer  is,  "You  will  work  for  this  com- 
pany in  whatever  place  its  interests  demand.  Neither  of  us  is 
the  manager.  It  is  our  duty  to  obey  and  say  nothing."  De- 
spite all  efforts,  railroads  have  not  been  able  to  maintain  the 
track  and  bridges  on  a  division  without  engineers.  The  office  of 
General  Road  Master  was  created  to  do  this  by  taking  the  track 
out  of  the  hands  of  the  superintendent  wdien  that  superintendent  was 
not  a  maintenance  of  way  man.  This  type  of  road  master  has  either 
passed  away  or  is  passing,  we  think.  It  was  a  wrong  solution  of  a 
problem.  The  office  of  Superintendent  of  Bridges  and  Buildings  has 
been  a  more  lasting  expedient,  but  this  method  is  also  passing  away. 
This  bridge  department  was  instituted  to  take  care  of  bridges  on  di- 
visions where  the  superintendent  of  that  division  had  been  promoted 
from  the  train  service  or  the  track  department.  Again  we  say,  it  was 
a  wrong  solution.  Bach  of  these  sub-departments  has  had  separate 
engineer  parties  traveling  over  the  same  operating  division.  It  has 
been  sadly  impressive  to  see  three  engineer  parties  file  out  of  the  same 
car  each  to  do  an  hour's  work  and  each  wait  half  a  day  to  start  back, 
when  any  one  party  could  have  done  the  work  of  all.  Each  was  given 
more  mileage  of  the  road,  with  a  consequent  added  time  of  idleness  on 
trains,  usually  working  only  one-third  to  one-tenth  of  their  time  each 
day.    The  men  were  being  used  on  mileage,  not  on  work.    To  have  a. 
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General  Road  Master  in  charge  of  the  track  of  several  divisions  and  a 
Superintendent  of  Bridges  and  Buildings  in  charge  of  structures  over 
the  entire  road  removes  the  maintenance  of  way  supervision  away  from 
that  division.  The  operating  unit  is  the  division.  The  maintenance 
unit  is  the  division.  Operation  and  maintenance  belong  together  under 
one  head  on  that  division.  Otherwise  we  have  instructions  by  tele, 
graph  and  inspection  from  rear  platforms  of  specials,  while  the  actual 
supervision  is  by  some  irresponsible  person  on  the  work.  The  Division 
Superintendent  is  the  proper  officer  to  have  charge  of  operation  and 
maintenance  of  way.  His  assistants  must  be  men  such  as  to  allow  of 
this  Superintendents' s  being  promoted  from  any  department,  that  is, 
transportation,  traffic,  maintenance  of  way  or  motive  power.  He  must 
succeed,  if  at  all,  through  his  executive  qualities  rather  than  through 
his  special  knowledge.  As  he  is  held  responsible  for  maintenance  of 
track,  bridges  and  buildings  he  needs  an  engineer  under  him  who  has 
immediate  charge  of  all  maintenance  on  his  division  and  only  that. 
You  cannot  expect  the  superintendent  to  select  him  nor  be  responsible 
for  his  capacity  or  professional  work.  That  is  the  duty  of  the  Chief 
Engineer.  But  how  can  this  be  done,  you  ask,  without  conflict  between 
the  departments  ?  It  is  done  by  having  the  right  men  for  Chief  Engi- 
neer and  Manager. 

Having  carefully  outlined  the  present  difficulties  of  our  ques- 
tion, we  must  now  define  and  specify  the  parts  of  our  organiza- 
tion. We  are  considering  an  organization  for  a  fairly  large 
system  of  the  middle  west.  The  principles  and  not  the  details 
are  what  we  seek.  Consider  that  the  General  Manager  has  powers  as 
already  indicated  and  that  the  Division  Superintendents  report  to  him. 
If  there  be  General  Superintendents  intervening  then  they  take  the 
place  in  this  paper  of  this  General  Manager,  each  for  his  portion  of  the 
road.  This  is  a  detail  for  a  road.  The  Chief  Engineer  reports  to  the 
General  Manager  and  has  executive  charge  of  location  and  construc- 
tive work  and  has  no  executive  duties  connected  with  track,  bridges  or 
buildings,  except  span-bridges  and  large  buildings  as  hereafter  stated. 
Unless  this  Chief  Engineer  be  a  locating  engineer  he  needs  under  him 
a  Locating  Engineer  who  can  take  charge  of  the  construction  save  in 
rush  seasons.  Necessity  always  rules  the  construction  work  and  its 
organization  is  ordinarily  un-economic.  It  does  not  now  concern  us 
save  to  say  that  a  fit  Chief  Engineer  needs  no  Superintendent  of  Con- 
struction. The  Locating  Engineer,  we  regret  to  say,  now  has  a  new 
field  in  revising  bad  location  of  our  operated  roads.  vSuch  work  is  a 
man-trap  for  a  novice.  The  betterment  of  line  and  grade  at  span 
crossings  is  much  needed  as  we  erect  new  span  bridges.    The  Locating 
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Engineer  is  the  Surveyor  at  all  times.  Boundary  disputes  and  question- 
able titles,  and  all  that  pertains  to  records  of  property  acquired  or  line 
built  is  his  province.  As  he  should  make  the  original  records  he  must 
follow  them  up.  He  cannot  do  it  all.  He  is  not  the  office  engineer. 
We  re-survey  too  much  now  purely  for  our  records. 

The  next  man  needed  under  the  Chief  Engineer  is  the  Bridge  Engi- 
neer, to  take  charge  of  the  new  construction  or  re-construction  of  truss 
bridges  and  important  buildings.  This  sufficiently  defines  his  work, 
which  is  more  naturally  described  later. 

We  have  thus  far  spoken  only  of  the  Chief  Engineer  and  those  who 
report  to  him.  So  far  we  have  considered  him  as  an  executive  officer. 
He  must  be  in  a  measure  administrative  as  well.  We  have  said  that 
while  a  Division  vSuperintendent  may  not  be  a  track  or  bridge  man  he 
should  still  be  in  charge  of  all  maintenance  of  division.  Obviously, 
there  must  be  some  one  appointed  to  do  this  work  for  and  under  this 
Superintendent  and  for  the  capacity  of  this  appointee  others  must  be 
responsible.  This  Division  Engineer,  as  we  shall  call  him,  could  be 
appointed  by  the  Chief  Engineer  subject  to  the  approval  of  the  General 
Manager,  (or  General  Superintendent  of  that  portion  of  the  road). 
This  Division  Engineer  shall  have  charge  of  the  maintenance  of  track, 
bridges,  buildings  and  water  service  on  the  operating  division,  with  his 
office  at  the  same  point  as  the  Superintendent,  who  is  his  immediate 
superior.  His  engineering  assistants  should  be  selected  or  removed 
subject  to  the  approval  of  the  Chief  Engineer,  and  his  engineering 
equipment  furnished  and  maintained  from  that  office.  He  should  use 
the  standard  structures  and  keep  his  records  in  a  standard  way.  A 
standard  is  designed  to  prevent  repeated  experiments  at  the  expense  of 
the  same  interests,  and  for  uniformity.  Nothing  short  of  the  approval 
of  the  General  Manager  and  the  Cliief  Engineer  should  make  these 
standards  valid.  Reporting  to  the  Division  Engineer  are  the  road- 
masters  who  have  the  section  foremen  reporting  directly  to  them.  We 
will  assume  that  this  division  has  about  five  hundred  miles  of  line. 
Under  this  Division  Engineer  is  a  General  Foreman  of  Bridges  and 
Buildings  to  whom  all  bridge  foremen  report  directly.  His  office  must 
be  at  the  point  which  is  headquarters  for  that  division.  He  has  charge 
of  masonry  and  of  water  service.  He  does  not  have  charge  of  renewals 
or  repairs  of  truss  bridges.  Bridge  inspectors  report  to  the  Division 
Engineer,  and  copies  of  inspections  of  truss  bridges  go  thence  to  the 
Bridge  Engineer,  with  the  comments  of  the  Division  Engineer.  The 
Bridge  Engineer  then  becomes  responsible  for  the  safety  of  truss 
bridges,  while  the  Division  Engineer  always  does  the  policing  of  the 
division  in  all  things.    This  Division  Engineer  is  not  supposed  to  be 
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a  bridge  specialist  but  a  bridge  engineer  in  the  sense  that  an  engineer 
is  who  on  the  construction  of  a  road  has  that  title.  Of  the  bridges 
other  than  span  bridges  he  has  full  control  under  the  Division  Super- 
intendent. Repairs  or  strengthening  of  truss  bridges  as  decided  upon 
b}'  the  Bridge  Engineer  ma}'  be  carried  by  the  Division  Engineer  or  be 
done  by  contract  under  the  approval  of  the  Chief  Engineer.  Contract 
work  on  maintenance  of  way  is  seldom  economical  when  company  em- 
ployees are  competent.  When  a  span  bridge  becomes  too  old  or  too 
light  according  to  the  Bridge  Engineer,  and  the  Chief  Engineer  with 
the  approval  of  the  General  Manager  decides  to  bu}^  a  new  span,  it  is 
the  duty  of  the  Bridge  Engineer  to  make  the  plans,  advertise  for  bids, 
award  the  contracts,  (subject  to  the  approval  of  the  Chief  Engineer), 
check  the  strain  sheets,  attend  to  shop  inspection,  receive  the  bridge 
f.  o.  b.  cars  on  the  company's  tracks,  put  in  the  foundations,  erect  the 
span,  test  it  and  turn  it  over  to  the  transportation  department.  We 
have  said  erect  the  span,  for  a  railroad  company  having  a  capable 
Bridge  Engineer  can  save  money  by  so  doing.  An  iron  erection  fore- 
man with  a  small  outlay  for  tools  and  a  half  dozen  iron-handling  men 
is  all  that  is  necessary.  This  foreman  and  gang  can  be  selected  so  as 
to  be  able  to  work  on  wooden  bridges  whenever  necessary.  Of  course 
this  Bridge  Engineer  muht  be  one  experienced  in  foundations  below  as 
well  as  above  water.  Pneumatic  caissons  and  dredging  cylinders  need 
so  much  plant  and  demand  a  kind  of  labor  such  that  the  work  would 
better  never  be  attempted  save  by  contractors  who  make  such  work  a 
specialty.  But  coffer  dam  work  has  often  to  be  done  and  requires  only 
such  plant  cxS  any  railroad  company  owns.  It  is  unpleasant  for  con- 
tractors to  do  pneumatic  work  for  a  railroad  which  has  no  bridge  engi- 
neer familiar  with  that  work,  and  it  is  uneconomical  for  the  company 
not  to  have  a  man  to  attend  to  it  intelligently.  It  is  not  difficult  today 
to  secure  as  a  bridge  engineer  a  man  quite  familiar  with  pneumatic 
work  through  his  service  with  contractors,  or  some  specialist  in  heavy 
bridges.  Railroads  waste  much  now  in  working  at  coffer  dams.  The 
writer  knows  this  for  he  has  done  his  share  of  it  for  railroads.  In 
general,  if  the  railroad  companies  realized  what  the  inexperience  and 
crankiness  of  their  bridge  department  cost  them  there  would  be  a  revo- 
lution.' In  bidding  on  work  for  one  railroad,  contractors  add  an 
"  arbitrary  "  to  their  usual  price  per  pound  just  to  cover  the  cost  of  the 
annoyances  of  that  company's  bridge  engineer.  This  man  the  writer 
has  known  for  years  to  be  a  most  conscientious  strain-sheet  man.  Yet 
he  has  no  conception  of  bridge  design,  shop  work  or  erection.  There 
is  a  large  class  of  engineers  who  believe  that  the  more  they  make  work 
cost  a  contractor  the  more  that  work  is  worth  to  the  company.  There 
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are  managers  who  are  foolish  enough  to  believe  thevSe  engineers. 
There  are  stocdholders  who  pay  for  this  folly. 

We  have  said  that  the  organization  must  fit  the  road  and  the  engi- 
neer fit  the  organization.  We  shall  now  consider  the  kind  of  men 
these  various  engineers  must  he.  We  have  intimated  that  the  Bridge 
Engineer  must  he  one  who  did  not  stop  growing  when  he  had  learned 
to  compute  ;  that  he  must  be  a  shoj)  man  ;  and  an  erection  man.  He 
must  be  a  better  and  more  experienced  man  than  the  Division  Eugi- 
neer.  He  should  be  a  railroad  man.  and  he  must  not  be  a  crank  special- 
ist. 

The  Division  Eugineers  must  be  men  who  have  served  an  appren- 
ticeship as  instrument  men  on  maintenance  of  way  work.  They  cannot 
fill  their  positions  with  less  than  three  years'  experience  in  responsible 
work  on  maintenance  of  way.  The}^  must  also  have  had  experience 
in  railroad  construction,  and  in  the  handling  of  men.  Experience  and 
size  count,  youth  is  at  a  discount.  They  must  understand  every 
engineering  principle  they  need  to  use,  and  not  be  men  who  are  copy- 
ing what  they  have  seen  others  do.  We  cannot  advance  with  our 
instruments  always  turned  on  the  back  sight.  They  must  be  men  who 
have  been  taught  the  necessity  in  railroading  of  obeying  orders  without 
talking  back.  They  must  not  be  "scrappers.  "  The  qualities  and 
discipline  an  engineer  on  railroads  needs  are  tho.se  an  army  officer  must 
have. 

A  Locating  Engineer  is  a  man  for  whom  the  railroad  historian  will 
have  the  deepest  sympathy.  He  is  the  pioneer.  He  freezes,  starves, 
thirsts,  and  develops  those  unlovely  traits  which  isolation  breeds.  His 
health  is  usual!}-  broken  b}'  some  chronic  disease  b}- the  time  he  reaches 
his  full  mental  growth.  He  sees  his  poorest,  cast-off  transitman  out- 
strip him  by  glibness  of  tongue  while  he  has  been  made  dumb  by  habit 
and  by  having  only  a  saddle  horse  to  talk  to.  The  newest  roadmaster 
looks  down  upon  him  with  scorn,  and  the  new  office  boy  of  the  Chief 
Engineer  knows  him  not.  Isolation  on  location  work  has  warped  .some 
of  our  very  best  railroad  engineers.  What  wonder  that  they  are  often 
eccentric  !  You  will  notice  that  in  the  organization  outlined  the 
Locating  Engineer  has  only  to  deal  with  the  Chief  Engineer.  Out  of 
personal  experience  as  well  as  observation  was  this  suggestion  -made. 
What  Chief  Engineer  who  feels  his  responsibilities  ever  undervalued  a 
good  locating  engineer  ?  What  other  railroad  man  ever  did  aught  else 
than  under-value  him.  He  has  endured  more  exposure  than  any 
engineer  will  be  called  upon  again  to  do  in  America.  His  devotion  to 
his  employers  has  been  of  a  kind  striplings  know  not  of.  His  mistakes 
in  judgment  have  been  something  terrible  ;  they  might  have  been  more 
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numerous.  Without  literature  on  his  subject  to  aid  him,  with  no 
precedents  save  those  he  had  himself  made,  isolated,  exposed,  half  ex- 
hausted, he  has  endured  and  grown  warped.  He  needs  to  change. 
But  inexperienced  3^oungsters  can  never  fill  his  place  on  our  western 
lines.  School  men  would  be  all  at  sea  in  his  place  and  sink  neath  the 
wave  of  the  first  boom  in  new  work.  Nor  can  we  afford  to  throw  away 
the  large  sums  of  money  the  practice  and  experience  of  these  old  locat- 
ing engineers  have  cost  our  railroads,  just  to  let  young  men  start  in 
that  same  costh'  school  of  experience.  As  no  former  space  was  given 
the  Locating  Engineer  in  this  article  the  writer  has  paused  to  pay  him 
tribute  in  passing,  and  to  outline  the  Locating  Engineer  as  a  character. 
Many  of  our  profession  have  never  formed  his  acquaintance.  He  will 
be  even  rarer  in  the  future  than  in  the  past. 

**  I  suppose,"  said  the  late  D.  W.  Washburn,  once,  in  Texas,  "  that 
I  am  in  my  present  position  because  Mr.  Gould's  interests  have  con- 
sidered me  the  best  engineer  here  for  Chief  Engineer.  It  is  07ie  thing 
to  be  the  best  engijieer  in  the  employ  of  a  company,  and  it  is  aiiother  thing 
to  be  the  best  man  for  Chief  Engineer  of  that  company.  I  have  several 
men  under  me  who  in  their  line  are  better  engineers  than  I  am.  I 
wish  I  had  more  such  engineers  under  me."  The  writer  has  always 
felt  that  these  were  wise  words  and  defined  a  railroad  Chief  Engineer's 
qualities.  The  first  duty  of  a  Chief  Engineer  is  to  work  for  the  inter- 
ests of  the  owners  of  the  road,  first,  la.st,  and  all  the  time,  and  inspire 
in  his  subordinates  the  same  spirit.  The  instant  he  considers  self  above 
company  he  is  unworthy  the  position.  He  must  be  a  judge  of  engineers 
and  all  their  work.  He  must  be  a  man  under  whom  other  engineers 
will  do  their  best  work.  He  must  realize  that  intolerance  is  rampant 
in  his  profession  among  its  older  members.  He  must  be  a  peacemaker 
and  an  organizer.  He  must  be  a  man  whom  to  meet  inspires  in  the 
public  a  confidence  in  the  company.  He  is  the  forerunner  in  a  new 
country  and  must  secure  the  good  will  of  the  people  by  the  time  that 
line  is  ready  to  operate.  His  integrity  must  be  above  suspicion,  and 
his  word  as  good  to  a  contractor  as  the  company's  bond.  He  must  be 
a  construction  man.  He  may  be  a  location  man.  He  must  become  a 
maintenance  of  way  man,  and  ought  to  be  one  at  the  start.  There  is 
time  to  learn  more  maintenance  of  way.  There  is  never  time  for  him 
to  learn  construction.  That  work  is  rush  work  and  detail  work,  and 
no  man  can,  as  Chief  Engineer,  build  his  first  line  economically  or 
speedily.  He  must  be  a  happy  combination  of  railroad  man,  civil  en- 
gineer, and  business  man,  but  first  a  railroad  man  for  his  road  which 
he  delights  to  serve  and  who.se  service  creates  for  it  friends  among 
strangers,  confidence  among  owners,  and  devotion  among  young  engi- 
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neering  assistants.  He  must  be  like  the  lamented  George  B.  Roberts, 
President  of  the  Pennsylvania  Railroad,  of  whom  the  press  has  just 
said  :  "  Under  his  management  the  service  became  a  clear  civil  service, 
and  it  was  his  effort  to  make  even  the  lowest  employee  have  a  feeling 
of  pride  in  the  excellence  of  the  great  system." 

The  writer  asks  the  opinion  of  the  railroad  members  of  the  Associa- 
tion, especially,  on  his  views  and  the  principles  here  expressed.  They 
are  his  views,  not  of  today  only,  nor  yet  of  yesterday.  They  belong 
to  all  days  that  have  passed  since  he  began  railroading.  They  concern 
the  owners  of  the  vast  and  complicated  railroads  of  America. 


NOTES  ON  INSPECTION  OF  TIMBER  STRUCTURES. 

JUSTIN  BURNS,   CE.  '92. 

Timber  Railroad  Structures  with  which  young  engineers  will  have 
the  most  experience  are  Howe  truss  bridges  and  trestles  with  pile  or 
frame  bents.  Their  first  acquaintance  with  these  will  probably  be  in 
the  capacity  of  an  inspector  in  the  engineering  department  of  railroads 
where  timber  is  of  a  sufficiently  low  cost  to  permit  the  building  and 
rebuilding  of  wooden  structures.  To  determine  when  a  wooden  bridge 
has  outlived  its  usefulness  and  just  how  "ripe  "  it  may  be  allowed  to 
become  are  matters  which  require  the  judgment  trained  by  experience. 
A  year  or  two  of  service  added  to  the  life  of  a  bridge  or  trestle  means 
the  saving  of  the  interest  of  a  year  or  two  on  the  cost  of  renewal  of  the 
structures.  For  example  take  a  division  of  150  miles  of  track  and  say 
there  will  be  8,000  linear  feet  of  pile  trestle  costing  about  $7.00  per 
linear  foot.  The  cost  of  renewal  would  be  $56,000.  If  by  efficient 
inspection,  the  length  of  service  is  extended  one  year  then  with  money 
at  5  per  cent,  there  is  a  saving  of  $2,800.00  which  would  nearly  pay 
the  expenses  of  the  Division  Engineer  and  his  assistants  for  a  year. 
The  argument  in  opposition  to  prolonging  the  life  of  worn  out  struc- 
tures brings  in  the  probability  of  a  failure  which  would  cause  a  wreck 
costing  many  thousands  of  dollars  and  instantly  wiping  out  several 
years'  savings  in  the  economical  bridge  department.  But  proper 
inspection  will  reduce  to  a  minimum. the  probabilities  of  abridge  failure, 
and  a  few  notes  are  here  given  to  tho.se  who  may  find  it  part  of  their 
duties  to  act  as  bridge  inspector  in  the  maintenance  department. 

The  location  of  bad  places  in  trestle  work  can  often  be  discovered  by 
merely  observing  the  alignment  of  the  rails  and  the  surface  of  the  track 
over  the  bridge.  In  fact,  if  the  alignment  and  surface  are  found  in 
good  condition  it  is  almost  proof  positive  that  the  structure  requires 
little  further  inspection.  If  the  rails  are  found  out  of  line  at  certain 
points  it  may  mean  a  settlement  of  one  side  only  of  the  bent  or  an  entire 
shifting  of  that  portion  of  the  trestle. 

If  low  places  are  di.scovered  in  the  surface,  it  would  indicate  either 
the  timber  crushing  or  the  bent  settling  ;  in  either  case,  it  would  be  a 
place  which  required  special  inspection. 

After  noting  these  defective  points,  the  ties  and  stringers  are  in- 
spected. The  ties  should  be  in  such  condition  as  to  hold  the  spikes 
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firmly  and  prevent  the  rails  from  spreading.    The  stringers  should  be 

observed  carefully  for  checks  on  the  lower  edge  and  for  crushing  upon 
the  caps.  Season  checking  in  white  pine  stringers  should  be  carefully 
distinguished  from  strain  checks.  Stringers  and  other  large  sized 
white  pine  timbers  are  generally  cut  to  order  in  the  mills  and  rarely 
have  time  to  be  properly  seasoned  to  prevent  deep  checking  before 
they  are  used  in  the  construction.  An  excessively  strained  stringer  will 
generally  show  an  unusually  large  amount  of  season  checks  before  it 
shows  any  failure  from  over-loading. 

Then  follows  the  inspection  of  each  bent  separately.  The  cap  is 
examined  for  .soundness,  noticing  the  amount  of  crushing  on  the  piles 
or  posts.  If  the  cap  is  dry  rotted  in  the  center  it  will  crush  and  split 
over  a  small  pile  or  tenanted  post  ;  this  is  frequently  found  to  be  the 
ca.se  in  the  end  bank  bents  where  small  piles  are  often  used  and  where 
the  rotting  of  the  cap  is  facilitated  by  accumulations  of  roadway  ma- 
terial carried  over  by  the  passage  of  the  trains.  The  bearing  of  the 
cap  on  each  pile  is  examined  since  defective  construction  or  the  settle- 
ment of  one  pile  more  than  another  will  bring  bending  into  the  cap 
which  is  not  considered  in  the  design  of  caps. 

The  point  at  which  the  piles  first  show  failure  is  usually  where  they 
enter  the  ground  or  water  ;  the  alternate  wetting  and  drying  hasten  the 
destruction  of  the  fiber.  The  piles  should  be  tested  by  boring  with  a 
small  auger  or  bit  and  the  manner  in  which  the  tool  "  takes  hold  "  will 
indicate  sound  or  rotten  material.  Old  piles  sometimes  appear  sound 
and  seasoned  on  the  outside  but  will  be  found  to  have  only  a  ring  of 
sound  wood  ;  while  others  have  merely  a  small  portion  of  the  heart 
wood  intact  and  yet  they  act  well  under  heav}^  loads.  It  will  be  found 
that  the  soils  into  which  the  piles  are  driven  have  different  effects  upon 
the  life  of  the  pile  ;  a  fine  loamy  sand  hastens  the  deterioration  of  the 
timber  to  a  greater  extent  than  a  clayey  soil. 

The  posts  and  sills  of  frame  bents  are  examined  for  crushing  and 
rotting  caused  by  w^ater  working  into  the  joints.  The  sills  rest  upon 
piles  or  "  mud  sills"  and  require  an  examination  for  crushing  as  they 
are  most  exposed  to  the  action  of  alternate  wetting  and  drying.  If 
the  foundation  piles  are  below^  the  w^ater  level  so  as  to  be  constantly 
covered  with  water,  they  will  need  no  investigation  as  the  water  pre- 
serves them  from  decay. 

The  sway  bracing  requires  little  attention  ;  if  it  is  properly  put  on 
when  the  trestle  is  constructed,  it  requires  no  more  inspection  as  it  out- 
lasts the  other  parts  of  the  bents.  The  longitudinals  are  not  used  ex- 
cepting in  high  trestles  and  they  should  be  examined  for  crushing  and 
longitudinal  motion  due  to  the  thrust  of  the  embankment.    When  a 
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railroad  crosses  a  deep  valle}^  in  which  there  is  a  small  stream  which 
would  not  require  a  truss  bridge,  the  immediate  construction  would 
probabU^  be  trestle  work  as  the  facilities  for  building  the  masonry  and 
conve3'ing  the  material  for  the  embankment  would  be  wanting.  When 
this  first  trestle  becomes  fit  for  renewal,  instead  of  rebuilding  it,  the  fill 
can  be  easil}^  made  by  trains  hauling  material  from  some  convenient 
point  upon  the  line.  Often  onh^  the  ends  of  the  trestle  will  be  filled, 
leaving  some  high  trestle  work  in  the  middle  to  be  rebuilt.  The 
longitudinals  in  this  work  should  be  designed  to  resist  the  thrust  of 
the  settling  embankment  ;  and  the  inspection  of  the  longitudinals 
should  note  the  effect  of  this  thrust  upon  the  bents. 

In  regard  to  the  inspection  of  Howe  truss  bridges,  the  condition  of 
the  alignment  and  the  surface  of  the  track  will  show  any  serious  de- 
fect. The  camber  in  the  bridge  can  be  observed  by  sighting  along  the 
upper  or  lower  chord  and  the  approximate  amount  noted.  The  passage 
of  trains  over  the  bridge  should  be  utilized  to  observe  the  effect  upon 
camber  ;  each  truss  should  be  examined  in  this  regard  because  often 
the  camber  is  different  and  greater  in  one  truss  than  in  the  other.  This 
would  cause  a  swaying  in  the  train  and  it  could  be  corrected  by  proper 
adjustment  of  the  tension  verticals. 

If  the  Howe  truss  is  a  deck  bridge,  the  track  will  probably  be  carried 
on  ties  resting  upon  the  top  chords  of  the  trusses.  These  ties  are 
usually  14"  or  16"  in  depth,  their  size,  of  course,  being  dependent  upon 
the  distance  between  trusses.  The  ties  are  notched  down  a  few  inches 
over  the  chord  to  prevent  their  lateral  movement  ;  and  in  inspection, 
these  notches  should  be  observed  for  cracks  or  the  splitting  away  of 
the  lower  portion  of  the  tie.  Theoretically  the  notched  tie  is  as  strong  a 
beam  as  one  of  the  same  depth  but  unnotched  ;  yet  this  square  notch 
has  a  weakening  effect  as  the  timber  tends  to  split  off  below  the  notch. 

In  a  through  Howe  truss,  the  ties  are  carried  similarly  to  those  in 
the  trestle,  that  is,  resting  upon  stringers,  and  their  inspection  is  iden- 
tical with  what  has  been  stated  before.  The  floor  beams  are  suspended 
from  the  panel  points  by  hangers  ;  the  point  of  probable  failure  is 
direectly  under  the  stringer  bearing  and  the  failure  is  usually  a  fracture 
on  the  lower  edge. 

The  upper  chord  needs  little  attention  ;  being  in  compression,  it  only 
weakens  by  excessive  rotting  and  by  defective  lateral  bracing.  The 
alignment  of  the  upper  chord  would  immediately  display  any  serious 
defect. 

The  lower  chord  causes  the  greatest  trouble  and  it  is  usuallv  on 
account  of  its  failure  that  the  bridge  is  condemned.  It  is  built  of 
several  pieces  of  timber  bolted  and  keyed  together,  provided  with  splic- 
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ing  blocks  at  the  joints.  The  splicing  blocks  are  either  of  iron  or  oak 
and  they  are  notched  into  the  timber  a  certain  distance  back  from  the 
joints.  To  transfer  the  tension  through  the  splicing  blocks,  the 
strength  of  the  joint  depends  mainly  upon  the  resistance  of  the  timber 
to  shearing  along  the  grain  between  the  notch  and  the  joint.  The 
first  indications  of  overloading  or  failure  in  the  lower  chord  will  be  a 
slight  revolving  of  the  packing  blocks,  the  shearing  at  the  splices  and 
a  longitudional  movement  of  the  angle  blocks  near  the  ends  of  the 
truss.  All  splices  should  be  inspected  carefully  for  any  cracks  or  signs 
of  pulling  apart  and  especially  to  note  any  recent  change. 

In  the  web  system,  the  verticals  are  inspected  for  equal  distribution 
of  stress  ;  each  rod  should  carry  its  proportional  amount  of  the  load 
and  the  difference  in  adjustment  of  the  rods  can  be  found  by  deflecting 
each  rod  in  a  panel  point  set,  noting  the  relative  ease  or  difficulty  with 
which  they  are  moved.  The  nuts  should  be  marked  and  watched  for 
any  movement ;  the  ends  of  the  rods  should  project  beyond  the  nuts  so 
as  to  give  full  bearing  to  the  threads. 

The  diagonals  fail  by  crushing  at  the  ends  ;  moisture  works  into  the 
ends  of  the  posts  over  the  angle  blocks  and  weakens  the  fiber.  Al- 
though in  the  design  of  the  diagonals,  the  controlling  requirement  is 
the  proper  strength  of  the  timber  acting  as  a  long  column  yet  they  fail 
by  compression  at  the  ends,  thus  acting  like  short  blocks.  The  bear- 
ing of  the  diagonals  is  noted,  especially  that  of  the  counter  diagonals 
as  the}'  loosen  up  when  the  truss  begins  to  "  stretch  out  "  or  weaken  ; 
this  loosening  has  a  rocking  eflect  when  the  wheel  loads  bring  the 
counter  diagonals  into  action. 

The  lateral  systems  are  similrir  to  the  web  sj'stem  of  the  trusses  and 
that  inspection  is  on  similar  lines.  All  braces  and  rods  should  have 
their  proper  bearing  and  tension. 

These  are  in  the  main,  the  important  points  of  inspection  and  they 
may  serve  as  suggestions  to  the  inexperienced  as  to  what  details  require 
the  most  attention. 

In  connection  with  these  notes  on  inspecting  timber  construction,  it 
might  be  of  interest  to  state  some  of  the  extreme  stresses  under  which 
old  timber  bridges  are  occasionally  found  working.  Through  ineffi- 
cient inspection  or  a  too  zealously  economical  management,  structures 
continue  to  carrj-  loads  several  times  in  excess  of  that  for  which  they 
were  designed.  The  increase  in  weight  of  rolling  stock  of  the  present 
over  that  used  in  the  bridge  designs  of  fifteen  or  twenty  years  ago  has 
been  so  great  as  to  far  exceed  the  provision  of  safety  of  even  a  low 
unit  working  stress  ;  and  timber  is  found  working  in  excess  of  labora- 
tory test  breaking  strain  and  performing  its  functions  through  "  pure 
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force  of  habit."  If  this  same  piece  of  timber  be  taken  out  and  placed 
in  another  structure  with  much  less  strain  coming  upon  it,  the  timber 
will  invariabl}^  fail.  Some  cases  of  overloading  white  pine  floor  beams 
and  stringers  have  come  under  the  notice  of  the  writer  and  although 
they  have  been  brought  to  public  notice  before,  a  repetition  may  be 
allowable. 

There  was  on  one  of  the  western  railroads  in  the  yard  of  one  of  its 
principal  stations  a  combination  Howe  truss  bridge  of  three  spans  of  175 
ft.  each  and  12  panels  to  a  span.  The  bridge  was  used  only  for  switch- 
ing purposes  and  a  few  freight  trains  ;  the  rate  of  speed  of  trains  over 
the  bridge  did  not  exceed  ten  miles  per  hour  and  was  usually  about 
five  miles  per  hour.  The  structure  had  been  condemned  by  the  engi- 
neering department  but  on  account  of  peculiar  circumstances  and  con- 
ditions, the  management  required  the  maintenance  of  the  structure. 

The  floor  system  consisted  of  6"  X  8''  pine  ties  placed  on  eight 
7"  X  16"  stringers,  three  under  each  rail  and  two  jack  stringers.  The 
stringers  were  supported  at  each  panel  point  by  three  7"Xi8"  white 
pine  floor  beams.  The  distance  between  centers  of  trusses  was  16  ft. 
At  some  of  the  butting  joints,  the  ends  of  the  stringers  had  rotted  so 
that  they  conveyed  their  load  to  the  outside  floor  beam  only  ;  the  con- 
tinuous stringers  at  the  same  panel  points  were  also  considerably  rot- 
ted so  as  to  convey  little  load  to  the  middle  floor  beam.  This  threw 
nearly  all  the  strain  on  the  outside  beams  ;  and  in  one  case  (due  to  re- 
pairsj  the  stringers  were  all  butting  joints  at  the  panel  point  and  con- 
veyed all  their  load  to  the  outside  floor  beam.  Under  the  loads  to 
which  the  bridge  was  daily  subjected,  the  maximum  stress  per  square 
inch  in  the  outer  fiber  of  the  floor  beams  was  4950  lbs.  There  were 
numerous  failures  of  floor  beams  in  the  bridge  and  almost  invariably 
a  check  would  start  on  the  lower  side  of  the  beam  and  under  the  rail, 
and  after  cracking  vertically  two  or  three  inches,  the  timber  would 
split  horizontally.  Yet  there  were  some  of  the  floor  beams  of  rather 
poor  quality  and  full  of  knots  which,  for  more  than  a  year,  had  sustained 
this  stress  of  practically  5,000  lbs.  per  sq.  in.  The  only  evidence  of 
overloading  was  the  presence  of  more  horizontal  checks  than  season 
checking  would  cause. 

Another  instance  of  excessive  loading  was  that  of  a  14  ft.  span  in  a 
pile  trestle  whose  deck  was  of  6"  x  8"  oak  ties  on  six  7"  x  1^'  white  pine 
stringers,  two  under  each  rail  and  two  jack  stringers.  In  this  case,  one 
of  the  two  track  stringers  under  one  rail  was  so  badly  rotted  as  to  con- 
vey no  load  to  the  bent,  thus  leaving  the  other  stringer  to  be  the  only 
support.  The  stress  in  the  outer  fiber  of  the  stringer  caused  by  the 
engine  wheel  loads  was  2,940  pounds  per  square  inch  ;  while  under  a 
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6,000  pounds  capacity  car,  the  stress  was  3,220  pounds.  The  working- 
stringer  showed  no  signs  of  failure. 

The  frequency  with  which  the  load  is  applied  seems  to  effect  the 
durability  of  overloaded  stringers.  There  was  another  case  in  which 
the  trestles  were  designed  and  built  according  to  the  requirements  of 
the  loading  at  the  time  of  construction  ;  the  unit  working  stress  used  in 
the  design  for  strain  in  the  outer  fiber  of  the  white  pine  stringers  was 
750  pounds.  Shortly  after  erection  the  railroad  company  purcha.sed  and 
used  heavier  locomotives,  which  produced  a  strain  in  the  outer  fiber  of 
the  stringers  of  1,500  pounds  per  square  inch.  Traffic  over  thai  division 
was  much  greater  than  in  the  cases  above  stated  ;  and,  after  nine  years' 
service,  the  stringers  failed  by  cracking  on  the  lower  edge,  although 
otherwise  they  were  in  good  condition  and  would  have  lasted  several 
years  longer  under  the  loads  for  which  they  were  designed. 

The  accompanying  views  show  the  condition  of  .some  Howe  truss 
diagonals  which  were  removed  from  an  overstrained  bridge.  The 
counter  diagonals  .seem  to  have  fared  worse  than  the  main  diagonals, 
which  was  probably  due  to  their  fitting  loosely  and  the  effect  of  being 
put  under  compression  with  impact  as  the  change  of  wheel  loads 
brought  the  counters  under  strain.  Fig.  i  shows  a  panel  point  with  a 
counter  diagonal  in  position.  Fig.  2  shows  ends  of  diagonals  cut  off" 
during  repairs.  The  view  was  taken  with  these  ends  sticking  up  in  the 
snow  to  facilitate  photographing.  An  examination  will  show  the 
failure  of  the  diagonals  to  have  been  that  expected  from  short  columns  ; 
the  slight  protuberance  seen  on  the  ends  are  places  where  the  diagonals 
fit  over  rod  holes  in  the  angle  blocks  and  they  indicate  the  amount  of 
compression  the  brace  underwent.    The  size  of  the  timber  was  6"  x  8". 


Fig.  I. 
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EXPERIMENTS  AND  STUDY  UPON  THE  HOLDING  POWER 
OF  WOOD  SCREWS. 

PREPARED  FROM  A  THESIS  BY  NORRIS  M.  WORKS,  C.  E.,  '97. 

Only  two  series  of  tests  of  the  holding  power  of  screws,  of  any  great 
value,  were  found  by  the  author  ;  one  made  at  the  Watertown  Arsenal 
on  the  "  Holding  Power  of  Nails,  Spikes  and  Screws,"  Tests  of 
Metals,  1884 ;  the  other  by  P.  Lobben,  originally  published  in  the 
American  Machinist,  and  afterwards  in  the  Digest  of  Physical  Tests, 
Riehle,  Phila.,  Vol.  I,  1896. 

In  the  first  series,  screws  Nos.  12,  14,  16,  and  18,  and  1.5,  2,  2.5,  3 
and  3.5  inches  long,  were  tested  in  white  pine  perpendicular  and  paral- 
lel to  the  grain,  also  in  j'ellow  pine,  white  oak  and  California  laurel  ; 
three  sizes  of  lag  screws  were  also  tested.  In  the  second  series  lag 
screws  were  used  in  spruce,  chestnut  and  pitch  pine.  Bevans  also 
gives  values  for  several  sniall  screws  in  beech,  ash,  oak,  mahogany, 
elm  and  sycamore. 

None  of  these  tests  take  up  a  whole  series  of  screws  to  bring  out  the 
effect  of  length  and  diameter  upon  holding  strength.  Only  one  series, 
P.  Lobben's,  shows  anything  in  regard  to  the  best  diameter  of  hole  to 
be  used  for  the  screws.  The  writer  has  attempted  a  complete  series  of 
tests  with  one  kind  of  timber  and  one  kind  of  screw  to  bring  out  as  far 
as  possible  the  effect  of  variations  in  diameter  and  length  of  screw  and 
in  size  of  hole. 

All  the  tests  were  upon  white  pine  in  order  to  obtain  a  series  of  com- 
parable results.    Only  three  sticks,  from  different  trees  were  used. 

(A)  was  very  clear  and  straight  grained,  3  by  4  inches  by  8  feet, 
specific  gravity  0.42,  rate  of  growth  9.5  rings  per  inch. 

(B)  was  of  the  best  quality  of  timber,  thoroughly  seasoned,  4  by  8 
inches  by  10  feet,  with  specific  gravity  of  0.47. 

(Cj  was  good  clear  stuff,  seasoned  at  least  four  years,  uniform  in 
quality,  fiber  rather  tougher  than  in  either  A  or  B,  specific  gravity 
0.38,  and  rate  of  growth  15  rings  per  inch. 

All  the  screws  used  in  the  tests  were  made  and  kindly  furnished  by 
the  American  Screw  Co.,  of  Providence,  R.  I. 
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A  few  tests  were  made  of  the  "  Rogers  drive  screw,"  a  screw  having 
so  steep  a  pitch  that  it  will  revolve  in  driving  into  wood  with  a  hammer. 

Most  of  the  screws  were  inserted  with  a  hand  brace  ;  a  wrench  with  a 
thin  piece  of  steel  in  tlie  slot  was  used  for  the  larger  ones,  while  in  . 
some  of  the  experiments  the  screw  was  driven,  in  whole  or  in  part, 
with  a  hammer  as  noted. 

When  holes  were  bored,  they  were  bored  with  a  Morse  twist  drill  to  the 
depth  of  the  portion  of  the  thread  having  a  uniform  diameter,  so  that  the 
point  would  enter  the  wood  at  the  bottom  of  the  hole.  A.  small  auger 
hole,  about  ^  inch  deep,  was  bored  in  nearly  every  case,  in  the  bottom  of 
which  the  screw  was  inserted,  to  prevent  the  slivering  of  the  surface 
when  the  screw  was  pulled.  When  bored  holes  were  not  used,  the 
screw  was  started  with  a  hammer  to  the  depth  of  a  thread  or  two,  and 
then  turned  in  with  the  screw-driver. 

When  the  screws  were  lubricated  it  was  done  with  vaseline,  lard  oil 
or  tallow.  The  screws  were  pulled  with  a  slow  steady  motion  in  a 
50,000-lb.  Olsen  testing  machine. 

The  following  preliminary  tests  were  made  in  order  to  determine  the 
most  favorable  conditions  for  the  maximum  holding  strength  for  the 
full  series. 

(a)  Tests  with  different  sized  holes  for  the  same  sized  screw. 

{a)  Tests  with  Different  Sized  Holes  for  the  same  Sized  Screw. 
Screw  Perpendicular  to  Grain,  in  White  Pine,  Stick  B. 


No.  of 
Screw. 

Length, 

Diam. 
of  hole. 

Maximum  pulling  force  in  pounds. 

I 

2 

3 

4 

5 

6 

Av. 

12 

1280 

1280 

1210 

1190 

1230 

1380 

1261 

.138 

1320 

1200 

1270 

1230 

1260 

1256 

.149 

1260 

1190 

1230 

1216 

.161 

1180 

II 70 

1 170 

1 173 

.171 

1230 

1 140 

1 150 

1 173 

.182 

1030 

950 

950 

976 

20 

3-5 

.00 

1430 

1460 

1400 

1350 

1400 

1430 

1411 

.171 

1470 

1420 

1535 

1500 

1475 

1480 

.187 

1390 

1440 

1550 

1500 

1470 

.198 

1400 

1550 

1450 

1450 

1510 

1470 

1463 

.209 

1380 

1520 

1410 

1450 

1650 

1620 

1505 

.219 

1400 

1430 

1400!  1500 

1360 

1418 

.226 

1370 

1480 

1400; 

1416 

30 

6 

.00 

3740 

3750 

3540  3970 

4090 

3818 

.279 

3600 

3810 

4020 

3970 

3850 

.296 

3450 

4160 

3450:  3400 

3615 

.327 

3340 

3870 

3300 

3610 

3700 

3470 

3548 

.340 

3720 

3400 

3440 

3520 

•359 

3130 

3400 

3330 

3287 
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Screw  Parallel  with  Grain,  in  White  Pine,  Stick  B. 


■  w  s 

0  t/}  OJ 

Diani. 
of  hole. 

Maximum  pulling  force  in  pounds. 

I 

2 

3 

4 

5 

6 

Av. 

12 

''.00 

1220 

1120 

960 

1060 

830 

730 

.00 

1000 

590 

970 

lOIO 

1060 

959 

.138 

1146 

1 

.149 

1040 

.161 

1 170 

1020 

920 

1036 

.171 

980 

910 

960 

950 

.182 

870 

1000 

1000 

956 

20  3-5 

.00 

1220 

1480 

1160 

1286 

.171 

1300 

1450 

1180 

1310 

.187 

1200 

1200 

1370 

1256 

.198 

1130 

960 

1 150 

1080 

.209 

1320 

1460 

910 

1230 

.219 

1180 

1260 

1420 

1286 

An  examination  of  the  table  shows  that  the  hole  for  maximum 
average  strength  has  a  diameter  of  .  138/.  14=99%  ;  .171/. 22=78%  ; 
.279/. 33=84%  ;  respectively,  of  that  of  the  body  of  the  screw,  when 
perpendicular  to  the  grain,  and  of  .138/.  14=99%  ;  .  171/. 22=78% ; 
respectively,  when  paralel  with  the  grain. 

That  is,  the  diameter  of  the  hole  should  be  from  80%  to  99%  of  that 
of  the  body  of  the  screw  for  maximum  holding  strength,  the  falling  off 
in  strength  as  the  diameter  varies  either  way  from  these  limits  being 
greater  when  the  screw  is  parallel  with  the  grain  than  when  it  is  per- 
pendicular. 

(b)  Tests  of  screws,  lubricated  and  not  lubricated. 

White  pine  stick  A  was  used  for  these  tests  with  No.  20  screws,  4 
inches  long,  inserted  the  length  of  the  threads  in  holes  0.198  inch  in 
diameter.  The  mean  of  4  tests  not  lubricated  gave  1992  pounds,  and 
of  4  lubricated,  2092  pounds,  an  increase  of  5%. 

(c)  Tests  of  screws  driven  part  way  with  hammer. 
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Screws  Perpendicui,ar  to  the  Grain  inserted  to 
THE  Head.   No  bored  hoi,es. 


No.  of  Screw. 

Length. 

PnUing  force — Screw  insert- 
ed with  screw-driver. 

Depth  with 

hammer. 

PnlHng  force — Screw  driven 
with  hammer  to  depth  indi- 
cated,   then    with  screw- 
driver. 

Ratio  Average 

Strengths. 

I 

2 

3 

4 

■ 

Ave. 

I 

2 

3 

4 

Ave. 

8 

850 

840 

820 

837 

610 

605 

670 

628 

0  7"% 
/  0 

12 

1030 

930 

1000 

987 

840 

780 

800 

807 

.82 

i6 

1060 

1 140 

1060 

1087 

910 

840 

930 

893 

.82 

20 

1300 

1400 

1330 

1343 

1000 

1060 

1050 

1037 

.77 

24 

1450 

1350 

1450 

1417 

1050 

1080 

1150 

1093 

.77 

12 

3.5 

1330 

1290 

1300 

1307 

'•75 

1220 

1 190 

1210 

1207 

.92 

i6 

1360 

1430 

1420 

1680 

1403 

1370 

1270 

1390 

1343 

•95 

20 

1970 

1640 

1510 

1700 

1490 

1480 

1650 

1540 

•91 

24 

1840 

1870 

1830 

1847 

1750 

1790 

1570 

1500 

1652 

•89 

12 

4 

1380 

1350 

1400 

1377 

2 

1 190 

1280 

1490 

1280 

1310 

.95 

i6 

1590 

1600 

i860 

1700 

1687 

1470 

1620 

1770 

1540 

1600 

•95 

20 

1700 

1850 

2200 

1870 

1905 

2250 

1690 

1800 

2030 

i960 

1.03 

2030 

24 

2230 

2200 

2480 

2303 

1940 

1850 

2120 

2160 

2017 

.88 

12 

3 

1260 

1390 

1280 

1310 

1-5 

930 

970 

950 

.72 

i6 

1250 

1420 

1460 

1470 

1400 

1 180 

1130 

1370 

1070 

1 187 

•85 

20 

1840 

1980 

1980 

1933 

1720 

1420 

1470, 

1572 

.81 

White  Pine  Stick  A.  Screws  Perpendicui^ar  to  the  Grain.  Driven 
One-Hai.f  the  Threaded  Length  with  Hammer,  the  remainder 
OF  Threaded  Length  with  Screw-Driver. 


of 

Screw. 

i 

Pulhng  force — Screw  insert- 
ed \\'ith  screw-driver  to  root 
of  thread. 

Pulhng  force — Screw  driven 
one-half  way  with  hammer, 
as  indicated  above. 

Ratio 
Average 
Strengths. 

6 
"A 

c 

(L> 

I 

2 

3 

4 

Ave. 

12 
24 

3^^.5 

1080 
1514 

820 
1320 

820 
1 150 

800 
1350 

730 

792 
1273 

0.73 
.83 

20 

6 

2608 

2070 

2130 

2200 

2133 

.81 

An  examination  of  the  table  shows  that  when  the  screws  are  driven 
one -half  the  length  of  the  thread  in  white  pine  with  a  hammer  and  the 
remaining  distance  to  the  head  with  the  screw  driver  the  loss  in  hold- 
ing strength  is  from  5%  to  25%.  In  this  case  the  screw  thread  imbeds 
itself  nearly  the  whole  length  in  new  wood,  just  as  it  would  do  if 
screwed  in  from  the  surface  with  no  hole  to  receive  it.    The  shank  fills 
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the  portion  of  the  hole  made  by  the  hammer,  and  as  its  holding 
strength  is  small  as  compared  with  the  whole,  the  disttirbance  of  the 
wood  fibers  around  it  by  driving  has  but  a  small  effect. 

When  the  screws  are  driven  one-half  the  depth  of  the  thread  with  a 
hammer,  and  the  other  half  with  a  screw  driver,  the  loss  as  indicated 
is  from  17%  to  27%  as  compared  with  screws  driven  the  length  of  the 
thread  with  a  screw  driver  alone. 

(d)  Tests  of  screws  driven  to  the  head,  with  various  sized  holes 
bored  for  the  entrance  of  the  shank. 

The  screws  were  No.  20,  3.5  inches  long.  The  threads  were  inserted 
in  a  hole  0.233  i^^^^  diameter,  and  the  shank  one  inch  into  holes  of 
different  diameters  as  given. 


B^  . 

<V  ^  3J 

Pulling  Force  in  Pounds. 

Pulling 
force,  thread 

Ratio 
total  to 
thread 

only. 

I 

2 

3 

4 

Ave. 

only. 

''•233 
.248 
.310 
.279 
.265 

1630 
1690 
1690 
1530 
1630 

1600 
1940 
1460 
1665 
1820 

1760 

1700 
1590 

1670 

1615 
1797 

1475 
1631 
1677 

1527 

1.06 
1. 17 

.97 
1.07 
1. 10 

The  pulling  force  for  thread  only  in  the  same  stick  and  with  the  same 
sized  hole  was  found  to  be  1450,  1450,  1660,  1550  ;  or  1527  pounds  as 
the  mean  of  four  tests.  This  value  is  used  in  the  seventh  column 
above. 

An  examination  of  the  table  shows  that  the  greatest  strength  is  for 
the  hole  of  diameter  0.248  inch,  or.248/.32i  equals  77%  of  the  diameter 
of  the  shank.  This  is  about  the  same  per  cent  as  found  for  the  inner 
cylinder  of  the  threaded  portion- 

A  study  of  the  following  table  will  show  that  the  holding  power 
of  a  wood  screw  in  white  pine  is  nearly  in  proportion  to  the  area  of 
the  thread  (see  p.  64)  in  contact  with  the  wood.  This  value  decreases 
slightly  as  the  screw  lengthens,  or  the  diameter  increases. 

It  is  probable  that  this  law  of  holding  strength  will  apply  to  different 
kinds  of  timber  nearly  enough  so  that  a  number  of  tests  with  a  single 
good  sized  .screw  would  be  sufficient  to  determine  the  values  for  any 
screw  in  that  kind  of  wood,  having  given  its  dimensions. 

The  Rogers  drive  screw.  Six  tests  were  made  by  driving  with  a 
hammer  No.  12  .screws  2  inches  long,  the  effective  length  being  i.io 
inches,  and  the  surface  in  wood  0.74  square  inch,  giving  an  average 
pulling  force  of  433  pounds.    This  was  increa.sed  15%  by  unscrewing 
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and  reinserting  with  a  screw-driver,  and  it  was  reduced  21%  by  lubri- 
cation with  vaseline  l^efore  driving.  Similarly  the  pulling  strength  of 
a  No.  14,  2  inches  long,  was  found  to  be  392  pounds,  and  this  was  in- 
creased 13%  by  reinsertion  with  a  screw-driver,  as  above,  and  dimin- 
ished 16%  by  the  use  of  vaseline  in  driving. 

Methods  of  failure.  To  determine  tlie  method  of  failure  of  a  wood 
screw,  a  number  of  large  ones  were  partially  pulled  and  the  wood  then 
split  apart  to  show  the  condition  of  the  fi])ers.  When  parallel  with  the 
grain,  the  screw  failed  by  a  simple  shear  of  the  wood.  When  perpen- 
dicular, the  .screw  failed  by  the  bending  over  of  the  fibers  which  pro- 
jected between  the  threads,  the  disturbance  often  extending  lengthwise 
of  the  fibers  for  quite  a  distance  l)eyond  the  threads,  the  holding 
strength  thus  depending  upon  the  bending  strength  of  the  fibers  and 
the  compressive  and  shearing  strengths  of  the  wood.  In  addition  to 
this  is  the  frictional  resistance  of  the  shank  if  not  inserted  in  too  large 
a  hole. 

Conclusions,  i.  Wood  screws,  when  drawn  parallel  to  the  grain,  de- 
pend for  their  resistance  u]:)on  the  shearing  strength  of  the  wood 
parallel  to  the  grain. 

2.  When  pulled  perpendicular  to  the  grain,  the  strength  is  a  func- 
tion of  several  conditions  :  of  the  shearing  strength  of  the  wood  ; 
parallel  to  the  grain  ;  perpendicular  to  the  grain,  and  across  the  grain 
in  a  plane  parallel  to  the  fibers  ;  also  of  the  flexural  stiffness  of  the 
fibers. 

3.  The  maximum  holding  strength  when  pulled  perpendicular  to 
the  grain,  is  obtained  with  no  hole  bored  to  receive  the  screw  or  with 
a  hole  about  0.8  the  diameter  of  the  inside  cylinder  of  the  screw. 

4.  The  maximum  holding  strength,  when  pulled  parallel  to  the 
grain  is  obtained  when  the  screws  are  inserted  in  a  hole  of  about  half 
the  same  diameter  as  above.  There  is  a  distinct  loss  in  the  holding 
power  of  the  screw,  when  inserted  parallel  to  the  grain,  if  no  hole  is 
bored  for  it,  or  if  the  hole  bored  is  too  small. 

5.  The  work  required  to  insert  a  screw  in  wood  with  no  hole  or  too 
small  a  hole  is  so  great  that  it  is  doubtless  the  most  economical 
method  to  insert  all  screws  in  holes,  slightly  smaller  than  the  inside 
cylinder  of  the  screw.  Insertion  without  holes  is  ver\^  likely  to  split 
the  timber. 

The  fibers  of  the  wood  are  crushed  and  destroyed  when  the  screw  is 
inserted  with  no  hole  or  with  a  small  hole.  It  is  probable  that  such  a 
screw  will  lose  its  value  in  the  course  of  time  under  a  constant  or 
repeated  load. 

6.  The  necessity  for  a  hole  in  which  to  insert  the  screw  increases 
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with  the  diameter  of  the  screw.  It  becomes  imperative  in  the  case  of 
lag  screws. 

7.  The  loss  in  holding  power  on  account  of  a  slight  crack  is  very 
small. 

8.  The  increase  in  holding  power  due  to  the  insertion  of  the  shank  is 
very  small.  On  the  contrary,  the  splitting  tendency  induced  is  likely 
to  weaken  such  power. 

9.  The  holding  strength  of  a  screw  is  proportional  to  the  area  in 
contact  with  the  wood. 

10.  There  is  a  small  increase  in  holding  power  if  the  screw  be  lubri- 
cated.   There  is  a  loss  if  drive  screws  be  lubricated. 

11.  The  holding  strengths  of  screws  per  pound  weight  is  greater  for 
the  smaller  .screws.  It  decreases  with  an  increase  of  diameter,  but 
remains  practically  constant  for  a  constant  diameter,  for  different 
lengths. 


PLACING  CONCRETE  IN  NINETY  FEET  OF  WATER. 


DANIEL  W.  MEAD,  C  E.,  '84. 

During  1897  ^^^^  writer  was  under  contract  to  build  a  plant  for  in- 
creasing the  water  supply  of  Rockford,  Illinois.  This  contract  included, 
among  other  things,  a  shaft  fourteen  feet  in  diameter  and  eighty  feet 
in  depth,  from  the  l)ottom  of  which  extended  a  smaller  shaft  about 
six  feet  in  diameter  which  was  excavated  to  an  additional  depth  of 
twenty-five  feet.  The  large  shaft  was  sunk  by  the  pneumatic  process 
through  fifty-five  feet  of  water  bearing  sand  and  gravel  into  thirty-five 
feet  of  clay.  It  was  thought  that  this  clay  waS  about  one  hundred  feet 
in  thickness  and  impervious  to  water,  .so  that  when  the  larger  shaft  was 
finished  the  air  pressure  was  removed  and  the  smaller  shaft  sunk  in  the 
open.  At  a  total  depth  of  about  one  hundred  and  five  feet  a  flow  of 
water  was  encountered,  which  rapidly  increa.sed  in  quantity  and  drove 
the  men  from  the  shaft,  filling  the  same  to  within  about  fifteen  feet  of 
the  top  and  to  a  total  depth  of  about  ninety  feet. 

It  was  thought  that  if  the  bottom  could  be  closed  by  ten  feet  of  con- 
crete bearing  against  the  iron  sides  of  the  small  .shaft  that  the  work 
might  be  pumped  out  and  still  completed  in  the  open.  Although  this 
was  afterwards  found  not  to  be  the  case,  yet  the  method  of  placing  the 
concrete  may  not  be  without  interest.  A  number  of  possible  methods 
of  placing  a  homogeneous  concrete  bed  were  considered.  The  method 
adopted  was  as  follow^s  : 

The  inrush  of  the  water  had  brought  a  considerable  quantity  of  fine 
sand  into  the  shaft.  To  remove  this  a  Nye  vacuum  pump  was  fitted 
with  one  hundred  feet  of  suction  pipe  and  the  end  of  the  pipe  let  down 
near  the  bottom  of  the  shaft. 

The  actual  lift  was,  of  course,  only  the  fifteen  feet  from  the  water 
surface  to  the  top  of  the  shaft,  but  the  water  being  pumped  came  from 
the  bottom  of  the  shaft  and  brought  with  it  the  sand  it  was  desired  to 
remove. 

The  concrete  was  to  be  sent  down  through  an  eight  inch  wrought 
iron  pipe,  which  was  screwed  together  of  such  a  length  that  its  lower 
end  rested  on  the  bottom  of  the  small  shaft  and  its  upper  end  was  about 
eight  feet  below  the  top  of  the  large  shaft.  The  lower  end  was  stopped 
with  a  wooden  plug  before  it  was  lowered  into  place,  and  the  upper  end 
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was  provided  with  a  hopper  into  which  the  concrete  could  be  thrown. 
The  pipe  was  also  suspended  from  a  derrick  and  could  be  raised  or 
lowered  as  desired. 

The  end  of  the  pipe  was  allowed  to  rest  on  the  bottom  until  the  pipe 
was  filled  with  concrete.  It  was  thought  that  when  the  filled  pipe  was 
raised  the  pressure  of  the  concrete  would  force  out  the  plug  and  the 
concrete  would  begin  to  flow  from  the  pipe. 

After  filling  the  pipe  and  raising  it  from  the  bottom  it  was  found, 
however,  that  such  was  not  the  fact,  and  the  pipe  had  to  be  pulled  up 
and  uncoupled  a  length  at  a  time  and  the  concrete  removed.  This  was 
easily  accomplished,  however,  for  as  soon  as  each  piece  of  pipe  was 
unscrewed  a  slight  jar  on  the  pipe  caused  the  concrete  to  slide  out. 
When  the  last  length,  which  held  the  plug,  was  reached  it  was  found 
that  the  plug  had  evidently  leaked  and  the  lower  length  of  pipe  had 
filled  with  water.  As  the  concrete  was  thrown  in,  this  water  had 
separated  it  into  its  elements.  The  stone  and  gravel  were  at  the  bottom, 
the  sand  next,  and  near  the  top  ot  the  pipe  was  a  plug  of  neat  cement 
which  had  plugged  the  pipe  effectually  and  held  the  concrete  above 
from  pressing  against  the  wooden  plug  and  forcing  it  out. 

A  second  plug  was  arranged  so  as  to  make  the  pipe  practically  water 
tight  and  the  pipe  was  again  placed  in  position  This  time  a  smaller 
pipe  one  and  one-half  inches  in  diameter  was  placed  inside  the  large 
pipe  to  be  used  if  necessary  to  knock  out  the  wooden  plug  and  work 
the  concrete  loose. 

This  time  when  the  pipe  was  filled  with  concrete  and  raised  from  ihe 
bottom  the  wooden  plug  was  easily  forced  from  its  place  and  the  con- 
crete began  to  descend.  As  fast  as  the  concrete  sank  from  the  hopper 
more  concrete  was  thrown  in  and  the  pipe  was  thus  kept  full  at  all 
times.  When  the  concrete  in  the  pipe  settled  too  slowly  the  pipe  was 
rai.sed  to  give  more  bottom  opening  and  thus  hasten  it.  If  it  sank  too 
fast  the  pipe  was  lowered  and  the  opening  thus  throttled.  By  this 
means  the  stream  of  concrete  was  easily  controlled. 

It  is  probable  that  only  the  first  of  the  stream  of  concrete  was  de- 
livered into  the  water  and  that  the  balance  was  delivered  below  a 
layer  of  six  to  twenty-four  inches  of  the  concrete  already  deposited. 

In  this  way  a  mass  of  concrete  ten  or  twelve  feet  in  thickness  was 
deposited  under  from  eighty  to  ninety  feet  of  water.  Only  the  upper 
six  or  eight  inches  showed  any  signs  of  washing,  this  was  soft  and 
never  set.  The  lower  portion  of  the  mass  as  far  as  determined  was 
solid  and  as  homogenous  as  when  shoveled  into  the  hopper  above. 


IMPACT  TESTS  ON  WIRE  ROPE. 


ABSTRACT  OF  THESIS  BY  CHARLES  F.  HAMILTON,  C.  E.,  '97. 

Ill  looking  up  the  subject  of  the  strength  of  wire  rope  the  author 
found  numerous  tests  of  tensile  strengtli  under  gradually  applied  loads, 
but  almost  nothing  upon  the  strength  under  impact.  On  this  account 
he  decided  to  make  a  comparison  between  the  tensile  and  impact 
strengths  of  wire  rope. 

The  wire  rope  wns  kindly  furnished  by  the  John  A.  Roebling's  Son's 
Co.,  of  Trenton,  N.  J.,  and  by  the  Washburn  and  Moen  Mfg.  Co.,  of 
Worcester,  Mass.    Two  kinds  were  used,  both  with  hemp  centers  : 

(a)  The  ordinary  lay  in  which  the  center  is  composed  of  a  strand  of 
hemp  or  wire  around  which  are  twisted  six  strands,  each  strand  consist- 
ing of  seven  wires. 

(b)  The  lang  lay  in  which,  uidike  the  ordinary  lay  for  hemp  and 
wire,  the  wires  forming  the  strands  and  the  strands  comprising  the  rope 
are  all  laid  in  the  same  direction.  By  this  method  a  longer  continuous 
surface  of  any  one  wire  is  exposed  to  wear,  and  the  crowns  of  the 
strands  are  less  pronounced,  thus  reducing  the  cutting  tendency. 

The  impact  machine  was  made  from  an  ordinary  wooden  pile  driver. 
The  hammer  was  attached  to  the  lower  end  of  the  w\re  rope  and  a  heavy 
plate  to  the  upper  ;  the  plate,  including  the  rope  and  hammer,  were 
raised  with  the  hoisting  rope  as  usual  using  a  hand  crab  ;  the  plate  was 
tripped  at  the  proper  height  allowing  all  to  descend  freely  until  the 
plate  was  caught  by  cross  blocks  and  the  hammer  by  the  tension  of  the 
rope.  These  cross  blocks  were  formed  of  two  pieces  of  oak  on  each 
side  of  the  upright  guides  of  the  driver,  each  4"  x  14",  firmly  bolted 
together;  on  top  of  these  were  two  bars  of  steel,  each  4"x6"x25'^ 
The  oak  blocks  Vv'ere  supported  by  four  6"x8"x  16'  hendock  posts  rest- 
ing on  the  driver  sills  and  bolted  to  the  uprights.  The  wire  rope  at 
each  end  passed  through  a  conical  hole  in  a  cast  block  io"xi2"and 
4"  thick,  the  larger  diameter  of  the  hole  being  next  to  the  end  of  the 
rope.  The  lower  block  was  attached  to  the  hammer,  while  the  hoisting 
rope  was  attached  to  the  upper  block  by  means  of  a  tripping  apparatus  ; 
two  horizontal  pieces  extending  between  the  guides  of  the  driver  and 
attached  to  the  upper  block  kept  its  motion  vertical  and  insured  its 
striking  the  cross  blocks  centrally  when  tripped. 
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The  wire  rope  was  attached  to  the  block  by  extending  the  end 
through  about  four  inches,  then  unstranding  and  bending  each  wire 
over  so  that  the  ends  projected  back  into  the  large  end  of  the  conical 
opening  and  filling  the  voids  with  melted  solder  or  babbit  metal.  Ben- 
zine was  used  to  clean  the  oil  from  the  wires,  and  then  soldering  fluid 
to  insure  adhesion  between  the  wire  and  metal.  Experiments  were 
made  which  showed  that  the  wire  was  not  heated  sufficientl}^  to  affect 
the  temper.  It  is  suggested,  however,  that  Wood's  metal  would  be 
preferable  to  solder,  as  it  would  greatly  facilitate  the  insertion  and  re- 
moval of  the  wire.  The  holes  in  the  blocks  were  large  enough  for  the 
largest  sized  rope,  and  conical  brass  bushings  were  used  in  connection 
w^th  the  smaller  sizes.  The  tensile  tests  were  made  in  a  400,000-tb. 
Richie  machine. 

IMPACT  TEvSTvS. 


No.  of 
Tost. 

Rope. 

Drop  of 
Hammer. 

Weight. 

Blow  in 
inch-lbs. 

Make. 

Lay. 

Diam. 

\Vt.  per 
Foot. 

Clear 
Length. 

I 

A 

Ord. 

0.37 

10.3^ 

14^^ 

1673 

23,422 

2 

A 

Ord. 

•5 

10.9 

14 

23,422 

3 

A 

Ord. 

•75 

•85 

II. I 

36 

60,228 

4 

A 

Ord. 

•75 

II. 0 

36 

60,228 

5 

B 

Lang. 

•5 

•30 

13 

21,749 

6 

B 

Lang. 

•5 

10.9 

13 

21,749 

7 

B 

Ord. 

10.9 

12.5 

20,913 

B 

Ord. 

.1 

.34 

10.9 

21,749 

The  weight  of  the  upper  block   116  pounds. 

The  weight  of  the  lower  block  103  " 

The  weight  of  the  hammer   1570 

The  weight  giving  blow  on  rope   1673  " 

The  friction  on  the  guides  was  neglected. 


NOTEvS. 

No.  I.  First  te.sted  with  10.5-inch  drop;  then  with  12-inch,  when 
rope  pulled  through  upper  block.  Clear  length  11.2  feet.  Six  wires 
broken.  Rope  shortened  10  inches;  refastened  to  upper  block; 
12-inch  drop  left  it  in  apparently  good  condition,  and  14-inch  broke  32 
wires  near  the  lower  block  and  the  other  10  pulled  through. 

No.  2.  Drop  12  inches  tried,  then  one  of  13  inches;  good  condition. 
With  14  inches  two  strands  (14  wires)  broke  near  the  lower  block,  and 
7  wires  near  the  upper  block 
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No.  3.  Drops  of  24,  26,  28,  30,  32,  34  inches  were  tried.  With  36 
inches  four  strands  broke  near  the  lower  block. 

No.  4.  Drops  of  34  and  35  inches  tried.  With  36  inches  two  strands 
broke  near  the  upper  block. 

No.  5.  Drop  of  12  inches  tried.  With  13  inches  all  the  wires  broke 
near  the  upper  ])late  and  a  few  near  the  lower. 

No.  6.  Drop  of  12  inches  tried.  With  13  inches  three  strands  broke 
in  the  upper  block. 
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No.  7.  Drop  of  12  inches  tried.  With  12.5  inches  two  strands  broke 
near  the  upper  clip. 

No.  8.  Drop  of  12  inches  tried  and  a  snap  was  heard  which  led  to 
the  suspicion  that  several  wires  w^ere  broken  in  the  block.  With  13 
inches  3  strands  broke  near  the  lower  block,  while  the  remaining  ones 
w^ere  held  in  the  solder. 

The  breaking  loads  were:  No.  i,  15,050;  No.  2,  16,830;  No.  3, 
39,750;  No.  4,  40,870;  No.  5,  12,460;  No.  6,  11,970.  No.  7,  12,860. 

In  using  the  elongation  per  unit  load  from  the  above  table  to  com- 
pute the  maximum  tension  or  breaking  stress  under  impact,  allowance 
should  be  made  for  the  elasticity  of  the  supports,  made  up  largely  of 
timber,  as  already  described.  They  would,  however,  compare  favor- 
ably in  rigidity  with  those  met  with  in  the  use  of  ropes  on  derricks, 
hoisting  engines,  etc. 


THE  PRESENT  AND  THE  FUTURE  PROvSPECTvS  OF  GAvS 
FOR  LIGHTING,  HEATING  AND  POWER  PURPOvSES. 


BY  HENRY    R.   LORDLY,   C.E.,  '93. 

When  the  electric  light  came  into  the  field  as  a  competitor  of  gas  the 
gas  companies  were,  general]}-  speaking,  in  a  ])rosperous  condition  but 
they  were  unprepared  to  meet  the  new  competition,  where  improve- 
ment in  lighting  was  demanded,  and  the  fact  that  no  new  device  was 
then  in  view  to  accomplish  such  improvement  it  seemed  for  a  long  time 
that  gas  as  a  illuminant  must  go  behind.  The  stocks  of  many  com- 
panies fell  rapidly  ;  directors  became  doubtful  and  managers  were  help- 
less and  all  came  to  the  one  conclusion  that  the  field  for  gas,  outside 
of  lighting,  must  be  enlarged. 

Affairs  were  worse  in  America  than  across  the  water.  In  Great 
Britain  and  the  Continent  the  increased  use  of  gas  for  heating  purposes 
had  brought  about  relatively  greater  consumption,  and  consequently 
cheaper  rates,  thus  placing  it  in  a  better  position  to  meet  competition. 

This  no  doubt  accounts  for  the  fact  that  the  electric  light  has  up  to  the 
present  time  only  made  slight  progress  in  those  countries  compared 
with  its  success  here. 

A  visit  to  many  of  the  gas  companies  or  works  in  those  days  is  said 
to  have  illustrated  quite  clearly  that  those  in  charge  were  not  always 
the  best  posted.  Years  of  plenty  had  made  them  embryo  princes  of 
monopoly  and  the  "  good  enough  "  system  seemed  to  reign  supreme. 
The  managers  of  some  works  had  certain  rule  of  thumb  methods  of 
their  own  ;  photomotors  and  other  laborator}^  apparatus  were  not  con- 
sidered of  much  importance  and  while  this  may  have  done  well  enough 
under  the  old  condition  of  affairs  it  w^as  not  assuring  under  a  regime  of 
stiff  competition.  The  cost  of  gas  must  be  low^ered  and  the  consump- 
tion kept  up,  or  still  more,  must  be  increased,  and  in  addition  to  this 
the  residuals  or  bye  products  must  be  more  carefully  looked  after. 

For  a  time  after  the  electric  light  made  its  appearance  some  progress 
was  made  in  gas  heating  and  motive  appliances  but  little  improvement 
was  made  in  the  lighting  branch  although  many  new  devices  had  been 
patented.  A  few  of  these-  burners  showed  some  merit,  particularly 
those  aiming  at  incandescent  results  b}'  the  aid  of  auxiliary  burners 
or  attachments,  but  only  one  reached  any  degree  of  perfection  and  that 
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one  may  well  be  said  to  be  the  salvation  of  gas  as  an  illuminant  in  the 
fight  against  electricity. 

This  burner  is  the  one  invented  b}^  Dr.  Carl  Auer  von  Welsbach  of 
Vienna,  Austria,  now  so  well  known  as  the  Welsbach  or  Auer  light. 
Dr.  Auer  found  that  by  dipping  a  vegetable  fibre  in  a  solution  of  cer- 
tain of  the  rarer  earths,  so  called,  and  then  burning  this  fibre,  there 
remained  an  ash,  conforming  to  the  original  form  of  the  material 
dipped,  which,  upon  coming  into  conjunction  with  the  flame  of  a  Bun- 
sen  burner,  gave  out  a  brilliant  light.  This  is  clearly  explained  in  the 
specification  of  his  first  patent,  granted  by  the  German  Patent  Office. 
April  15th,  1887,  which  reads  as  follows  : 

"  Oxide  of  I^anthanum,  oxide  of  Yttrium  and  other  rare  earths  com- 
bine in  the  most  different  proportions  with  magnesia  or  oxide  of 
Zirconium  when  violently  heated  in  a  state  of  molecular  mixture,  form- 
ing peculiar  substances,  the  properties  of  which  cannot  be  derived  from 
•the  properties  of  the  ingredients.  A  chemical  combination  of  the  in- 
gredients has  been  effected  thereby. 

These  substances  are  characterized  by  an  enormous  capacity  of  emit- 
ting light,  and  by  a  high  refractoriness  when  heated  in  a  non-luminous 
flame." 

He  then  gives  a  description  of  the  compounds  of  zirconia  with  the 
rare  earths  ;  also  the  compounds  of  the  oxides  of  lanthanum,  yttrium, 
zirconium  and  magnesium  and  then  tabulates  the  following  results. 

"  Among  the  magnesia  compounds  of  the  rare  earths,  the  following 
composition  has  given  about  the  best  results  : 

60  per  cent  Magnesia  (Mgo) 

20   "    "    Lanthanum  (La.^Og) 

20   "    "    Oxide  of  Yttrium  (Y2O3) 

Among  the  zirconia  compounds  the  following  : 
60  per  cent.  Zirconia  (Zr  O2) 
30  "     "      Oxide  of  Lanthanum 
10  "     "        "      "  Yttrium. 

or 

50  per  cent.  Zirconia 

50  "      "      Oxide  of  Lanthanum. 

When  the  amount  of  oxide  of  yttrium  is  increased,  the  light  be- 
comes more  and  more  yellowish  wliite,  without  losing  its  intensity." 

After  dwelling  more  particularly  on  these  compounds  of  the  rare 
earths  the  specification  takes  up  the  subject  of  the^fabric  or  mantle  as 
follows  : — 
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"  It  is  important,  as  well  for  the  illuminating  power  of  the  incan- 
descent burner  and  the  utilization  of  the  heat  produced  by  the  flame  as 
for  the  stability  of  the  incandescent  network  and  the  perfect  steadiness 
of  the  light  in  a  slight  current  of  air  to  give  to  the  "earthy  tissue" 
a  shape  enveloping  the  flame  and  near!}'  conical.  This  end  is  attained, 
in  accordance  with  the  ])ractical  purposes,  without  special  manual  dex- 
terity by  the  following  process  :  " 

"  A  fabric  (preferably  of  vegetable  fibre),  the  threads  of  which  have 
about  0.2  mm.  thickness,  is  previously  cleansed  with  muriatic  acid  and 
well  washed  and  then  thoroughly  saturated  with  a  30  percent,  aqueous 
solution  -  well  mixed  by  shaking — of  the  nitrates  or  acetates,  finally 
well  pressed  and  dried.  The  following  dimensions  are  meant  for  a 
Bunsen  Burner,  having  a  mouth  of  i  cm.  diameter  burning  with  a  dis- 
tinctly formed  blue  cone  and  consuming  70  liter  gas  per  hour.  (For 
larger  burners,  the  dimensions  are  to  be  increased  accordingly). 

The  impregnated  tissue  is  cut  in  strips  10  cm.  long  and  10  cm.  broad 
and  plaited  in  little  folds  following  tlie  breadth,  so  that  the  length  of 
the  plaited  tissue  amounts  to  about  4  cm.  Then  a  platinum  wire  about 
0.2  mm.  thick  is  drawn  through  the  meshes  of  the  upper  border  of  the 
network  thus  formed,  and  bent  to  form  a  loop  of  i  to  i  ^  cm.  diameter  : 
the  ends  are  twisted  together.  The  edges  of  the  now  tubular  tissue 
which  touch  each  other  are  .sewn  together  with  an  impregnated  cotton 
thread.  Then  the  little  platinum  loop  is  fastened  to  a  somewhat 
thicker  platinum  wire,  a  few  centimeters  long.  After  this  preparation 
the  mantle  is  kept  ready  for  use.  When  producing  on  a  large  scale,  it  is 
better  to  use  ti.ssue  of  tubular  shape  woven  by  machinery." 

He  next  describes  the  placing  oi  the  mantle  over  the  burner  and  the 
incineration  of  the  mantle  in  its  first  shape.  After  the  l^urning  off  the 
earth}^  residue,  so  called,  assumes  the  shape  of  the  original  web. 

In  a  subsequent  patent  issued  to  Dr.  Auer  in  Dec.  1887,  he  adds 
an  additional  rare  earth  or  substance,  viz  :  the  Oxide  of  Thorium,  and 
enumerates  a  new  list  of  mixtures  which  give  better  results  than  those 
previously  stated. 

The  new  list  is  very  interesting  and  will  repay  anyone  for  studying 
out  carefully.  It  will  be  found  in  the  Dec.  15th.,  '97,  number  of  the 
Progressive  Age. 

The  Auer  or  Welsbach  light  or  burner  as  it  is  commercially  known 
to-day  is  gotten  up  in  various  styles — that  is  the  brass  work  and  the 
shades  used — most  of  which  are  so  well  known  that  it  is  unnecessary  to 
mention  them  here.    One  shade  will  be  treated  on  later. 

As  might  well  be  imagined  from  reading  the  patent  specification  the 
light  medium — the  mantle — is  of  a  frail  construction  and  this  weakness 
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at  first  seemed  likeh^  to  imperil  the  success  of  the  new  burner.  In  fact  it 
was  several  years  before  such  mechanical  success  was  attained  as  to 
make  it  commercialh'  useful.  To-day  the  number  of  these  lights  in 
use  must  number  several  millions — three  or  four  at  least — and  the 
increase  is  indeed  a  marvelous  one. 

The  frailty  of  the  mantle  has  been  largely  overcome  by  various 
mechanical  contrivances  although  the  mantle  itself  is  much  stronger 
than  formerly  and  its  strength  increases  with  the  length  of  time  in  use. 
Heat  tempers  and  toughens  it.  In  articles  published  now  and  then  in 
the  technical  journals  we  read  that  so  and  so,  has  made  certain 
tests  of  the  Auer  mantle  and  that  he  finds  that  it  has  a  life  of  600  hours, 
800  hours,  or  1,000  hours  and  so  on  as  the  case  may  be,  but  these  tests, 
while  quite  interesting,  are  generally  misleading  and  give  no  correct 
idea  of  the  commercial  value  of  the  mantle.  While  there  are  cases 
where  the  mantle  is  subjected  to  great  vibrations  that,  without  specially 
constructed  burners,  it  cannot  stand  long,  in  ordinary  household  and 
store  use,  if  not  injured  by  a  body  striking  it,  it  should  la.st  easily  a 
year  out. 

In  Canada  the  Auer — Welsbach— light  is  managed  by  the  companies 
there  on  a  rental  system  which  allows  of  a  complete  record  being  kept 
of  each  light  in  use  and  the  writer  has  been  in  a  position  to  obtain  cer- 
tain data  as  to  the  length  of  the  life  of  mantles  as  will  make  certain 
laboratory  tests,  already  mentioned,  appear  quite  ridiculous. 

He  has  been  able  to  see  records  that  give  results  of  many  thousand 
mantles — not  merely  a  half  dozen  mantles — which  have  been  used 
under  all  the  circumstances  imaginable.  Below  will  be  found  a  list 
taken  from  nearly  one  thousand  lights  in  use  ;  this  list  not  being  a 
specially  selected  one  you  may  judge  from  it  what  the  Auer  mantle  can 
accomplish  to-day  when  it  is  properly  looked  after. 

The  Canadian  companies  simply  give  the  following  instructions  for 
obtaining  the  best  results  results  from  the  burner,  viz  :  "  Let  It  Alone" 
and  the  record  given  shows  what  they  accomplish  by  the  assistance  of 
careful  and  specially  trained  fitters  and  inspectors. 

This  list  has  not  been  published  before  and  will  no  doubt  surprise 
some  who  have  mistaken  ideas  of  the  durability  of  the  mantle. 

Of  course  treated  carelessly  it  is  easily  injured  but  when  under  such 
supervision  as  placed  upon  it  by  the  Canadian  companies  it  is  not  hard 
to  see  why  the  Auer  light  has  been  so  successful  there  and  how  it  has 
regained  from  the  electric  companies  many  consumers  that  at  a  former 
period  belonged  to  the  gas  companies. 
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Record  of  the  Life  of  Auer  Manti.es,  as  Taken  from  TkE  First  24  Pages 
Ledger,  PIvAn  No.  i.    Maritime  Auer  Light  Co.  L't'd.    Feb.  1,1897. 
10  Mantles  lasted  an  average  of  24.3  months  in  Residence,  and  still  in  use. 


12  "  "  "  22.5 

26  "  "  "      22.0  "  Church 

6  "  "  "21.6  "  Residence 

27  "  "  "20.2  "  Church 
41  "  "  "  19.9 

11  "  "      19.8  "  Office 

12  "  "  "      19.5  "  Residence 

33  "     •  "  "  19-3 

7  "  "  "      18.5  "  Store 

12  *'  "  "      18.3  "  Residence 

7  "  "  "      18.0  "  Store 
6  "  ...    u  17.3 

II  "  "  "  16.5 

19  "  "  "  16.4 

8  "  "  "16.2  "  Residence 
6  "  "  "  16.0 

21  *'  "  "      15.0  "  vStore 

21  "  "  "  14.9 

11  "  "  "14.6  "  Residence 

8  "  "  "  13.7 

15  *'  "13.2  "  Store 
90  *•  "  "  13.0 

9  '*  "  "  12.7  "  Residence 
30  "  "  "12.0  "  " 

9  "  "  "      II. 6 

34  "  "      II. 3  "  Store 

44  "  "  "      11.5  "  Residence 

21  *'  "  "      II. I 

70  '*  "  "      ii.o  "  Store 

21  "  "  "      10.9  "  Residence 

24  *,  "  "      10.7  "  Store 

56.  "  10.4 

10  *'  "  "10.2  "  Residence 

41  *'  "  "      10. 1 

30  "  '*  "       9.9  "  Store 

21  "  "  "  9.8 

37  "  9.7 

14  "  "  "  9.4 

9  "  "  "   .  9.2 

12  "  '*  "       9.1  "  " 
24  "  "  9.0 

27  "  "  8.6 

9  "  "  "  8.0 

16  "  "  "  7-5 
988 


This  shows  an  average  life  of  13  months  and  9  days,  and  takes  in  all  the  various 
circumstances  under  which  a  light  can  be  placed. 
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Leaving  out  the  churches  and  allowing  an  average  daily  consump- 
tion of  only  three  hours  it  will  be  seen  that  the  average  attained  at 
date  of  record  was  over  twelve  hundred  hours  for  say  at  least  nine 
hundred  lights.  Some  of  those  in  the  first  hundred  went  as  long  as 
twent3^-seven  months  and  were  used  fully  an  average  of  three  hours 
per  day. 

Using  an  anti-vil)rating  attachment  some  lights  have  gone  for  over  a 
year  in  a  cotton  factory,  while  some  have  lasted  equally  as  long  in 
printing  offices  in  rooms  under  the  presses,  and  96  lights  in  a  woolen 
mill  only  required  an  ax  erage  of  one  and  a  half  mantles  each  to  run 
them  one- year  without  any  special  fixtures. 

The  Auer  light  is  more  than  an  able  competitor  of  the  incandescent 
electric  light  where  the  conditions  of  economy  and  effective  light  are 
considered.  This  can  be  better  shown  by  results  than  by  statements, 
and  the  records  of  the  Martime  Auer  Co.  of  Canada  show  that  in  St. 
John  City  at  least  250  stores  that  formerly  used  the  electric  now  use  the 
Auer  light.  They  also  light  twenty-four  chnrclies.  In  Fredericton, 
Moncton  and  Yarmouth,  all  small  cities  in  Maritime  Provinces  the 
electric  light  has  almo.st  been  entirely  wiped  out  of  stores  and  the  arc 
light  has  suffered  almost  as  badly  as  the  incandescent.  This,  too,  in 
places  where  a  few  years  ago  the  gas  companies  were  looked  upon  as 
deceased  enterprises. 

The  writer  will  make  no  statement  concerning  other  places  except 
that  he  knows  there  are  many  other  American  towns  that  can  show  as 
good  results,  and  will  merely  add  that  the  prices  of  electric  current  in 
the  above  towns  has  been  relatively  low — 50  to  60  cents  per  month 
for  16  c.p. — while  gas  runs  from  $1.75  to  $2.50  per  thousand  cubic  feet. 

After  having  made  clear  its  claim  to  a  share  of  the  indoor  lighting 
the  new  gas  burner  has  turned  its  attention  to  the  outdoor  field  and 
under  the  supervision  of  a  specially  controlled  company  the  Welsbach 
Street  Lamp  has  been  making  a  bid  for  outdoor  illumination. 

In  Great  Britain  and  Europe  the  u.se  of  these  lights  on  the  streets  is 
quite  extensive  but  they  have  not  the  electric  arc  to  contend  with  so 
when  in  America  it  was  proposed  by  some  to  employ  the  same  means 
for  .street  purposes,  in  competition  with  the  arc  light,  it  was  not  re- 
markable that  many  doubted  the  results. 

Why  !  said  some,  how  can  a  sixty  candle  power  light  do  as  well  as 
a  two  thousand  one  ?  They  forgot  for  the  moment,  or  did  not  know, 
that  there  really  is  nothing,  on  our  streets  at  least,  that  approaches  two 
thousand  candle  power,  and  the  writer  ventures  to  say  that  there  is 
not  one  light  out  of  a  hundred,  in  any  city  on  this  continent,  that  gives 
over  fine  hundred  effective  candle  power  and  the  majority  of  them  do 
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not  give  three  hundred  candle  power.  By  effective  candle  power  he 
means  measured,  the  same  as  in  ordiiiar^^  pliotometr\-,  in  one  direction 
only. 

To  prove  this  statement  he  points  out  the  fact  that  four  Welsbach 
lights  properly  placed  on  a  street  will  seldom  ever  fail  to  give  a  more 
efficient  and  a  more  equally  distributed  light  than  one  electric  arc 
placed  right  in  the  center  of  the  four.  He  has  found  in  a  great  many 
cases  in  his  experience  that  four  Welsbach  or  Auer  lights  will  light 
most  any  store  better  than  an  arc  liglit  and  he  has  never  had  to  use 
more  than  six. 

Specially  constructed  lamps  and  burners  are  emj)loyed  in  street  light- 
ing and  when  erected  on  nicely  painted  lamp  iK3sts  they  give  a  much 
neater  appearance  than  the  cumberso  ne  poles  employed  in  the  electric 
system. 

Below  is  a  cut  of  a  lamp  now  being  employed  l)y  the  Welsbach  Street 
Lighting  Company  of  America.  This  lani]:)  is  now  used  in  nearly  fifty 
cities  in  the  United  States,  in  whole  or  part  of  their  street  system,  and 
the  following  cities  are  noticed  in  the  list  : 

Worcester,  Cambridge,  Brookline,  Mass.,  Freehold,  East  Orange, 
N.J.,  New  Haven,  Conn.,  Baltimore,  Md.,  Beaver,  Pa.,  Williamstown, 
Mass.,  Prospect  Park,  Brooklyn,  Western  Boulevard,  N.  Y.,  Ithaca, 
N.  Y.,  and  tests  are  now  being  made  in  many  other  cities. 

0:i  streets  having  shade  trees  the  incandescent  gas  burner  has  an 
additional  advantage. 

In  the  present  age  of  scientific  advancement  it  hardly  seems  safe  to 
predict  what  the  future  is  likely  to  bring  forth  but  it  is  certainly  safe 
to  sa}^  that  the  outlook  for  gas  for  illumination  purposes  is  brighter  than 
what  it  was  some  few  years  ago.  In  fact  an  examination  of  the  stock 
exchange  lists  of  illuminating  companies  will  show  that  gas  companies 
as  a  rule  stand  higher  than  electric  lighting  companies. 

There  will  no  doubt  be  changes  and  improvements  in  lighting  de- 
vices, both  for  gas  and  electricit\%  but  it  must  be  remembered  that  the 
improvements  to  be  useful  must  bring  higher  efficiency,  hence  economy, 
in  lighting.  No  light,  however  beautiful,  will  attain  commercial  suc- 
cess unless  it  is  economic. 

The  one  weak  spot  in  the  incandescent  gas  burner,  the  method  of 
igniting,  will  soon  be  improved.  Self  lighting  attachments  that  will 
operate  on  the  turn  of  the  hand,  the  push  of  a  button,  wall  before  long 
doubtless  be  on  the  market  at  a  figure  that  will  allow  of  universal  use 
and  then  will  the  gas  companies  be  on  equal  footing  with  their  electric 
competitors  in  possessing  a  light  of  equal  handiness.  They  already 
possess  a  light  which  is  easier  to  read  by  and  less  injurious  to  the  eye- 
sight than  the  electric  has  ever  proven  to  be. 
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In  concluding  the  lighting  branch  of  this  paper  let  us  give  a  few 
moments  to  one  of  many  globes  that  have  been  particularly  designed  to 
improve  the  effect  of  the  incandescent  gas  light.  This  globe  will  prove 
doubly  interesting  because  it  is  a  purely  scientific  one  and  allows  con- 
siderable scope  for  those  who  are  well  up  in  mathematics  and  physics. 


This  globe  which  bears  its  peculiar  name  because  it  is  wholly  lumi- 
nous is  made  of  thick  glass  and  is  cut  in  a  remarkable  way.  On  the 
outside  are  grooves,  with  an  upper  edge  horizontal  and  the  lower  edge 
cut  at  an  angle  of  about  forty -five  degrees.  The  grooves  vary  in  depth 
from  the  top  down  being  deeper  at  the  top.  On  the  inside  there  are 
vertical  grooves  evidently  with  a  sharper  angle  and  the  whole  construc- 
tion gives  a  very  beautiful  effect  when  surrounding  a  light  of  high  in- 
tensity. 
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It  is  of  additional  value  when  in  use  with  the  Welsbach  light  because 
it  has  the  effect  of  throwin*^  the  rays  downwards  as  the  rays  of  this 
light,  when  naked,  are  largely  horizontal.  It  has  been  tried  with  good 
results  in  Europe  for  street  lighting  and  in  this  country  has  grown 
quite  i)opular  for  various  uses. 

For  a  full  description,  showing  curves  of  efficiency,  see  Progressive 
Age  for  March  15th., '97. 


Competition  has  been  fruitful  in  causing  more  attention  to  be  given 
to  the  production  of  special  appliances  for  tlie  comfort  of  the  consumer 
and  the  assistance  of  the  gas  companies.  Special  lines  of  globes,  burn- 
ers, self  lighting  attachments,  pressure  gauges,  ])urner  testers,  pre- 
payment meters,  complaint  meters,  universal  pendants,  etc.,  etc.,  have 
all  been  subjects  for  patents  and  some  of  these  are  interesting  and  valu- 
able from  many  points  of  view.  The  Complaint  Meter  is  worthy  of  at- 
tention and  it  will  doubtless  be  found  a  valuable  adjunct  to  gas  com- 
panies. 

Under  the  top  of  the  meter  is  placed  a  revolving  drum,  same  as  in  a 
chronograph  machine,  which  drum  contains  a  record  bearing  paper. 
The  drum  revolves  by  clockwork  and  runs  for  one  week.  When  the 
meter  is  not  being  used,  or  when  there  is  no  leakage,  the  recording  pen 
makes  a  straight  line,  but  as  soon  as  the  gas  is  lighted  the  little  pen 
makes  tooth  like  marks,  beginning  from  the  hour  that  the  gas  is  turned 
on  or  ignited  and  continues  to  indicate  until  the  gas  is  shut  off  again. 

With  such  an  instrument  as  this  a  gas  company  can  soon  convince  a 
fault  finding  consumer,  who  according  to  his  own  statement  never  uses 
the  amount  he  is  billed  for,  just  what  he  really  does  do,  and  in  this 
way  may  be  able  to  remove  a  large  amount  of  the  habitual  complaints 
that  some  customers  make  about  their  bills. 

When  a  complaint  is  received,  the  company,  unknown  to  the  con- 
sumer, would  simply  place  one  of  these  meters  in,  and  at  the  end  of  the 
week  would  be  able  to  inform  the  consumer  whether  his  or  her  idea  as 
to  the  hours  which  light  was  used  is  correct  or  not.  The  meter  also 
detects  leaks  and  will  be  useful  for  that  purpose  too. 

The  meter  described  above  is  made  by  the  Maryland  Meter  Co., 
Baltimore. 

COOKING  BY  GAS. 

The  use  of  gas  for  cooking  purposes  has  become  so  common  now  in 
Great  Britain  and  the  Continent,  particularly  in  the  larger  cities,  as 
to  cause  but  little  comment.    It  is  almost  the  rule,  not  the  exception 
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as  it  is  or  was  in  many  of  our  cities.  However  the  past  few  years  has 
brought  about  a  radical  change  in  its  use  for  this  purpose  in  America 
and  the  large  output  of  gas  ranges  from  American  manufactories  is 
ample  proof  of  the  progress  that  is  being  made  here. 

Economic  gas  ranges  are  now  possible  and  thousands  of  them  are  in 
daily  use,  both  winter  and  summer,  and  the  number  is  daily  increasing. 

The  pre-paynient  meter,  (penny-in-a- slot)  has  aided  the  use  of  gas 
among  the  poorer  classes  in  tenements  in  London  and  other  large  cities 
across  the  water  and  its  adoption  in  this  country  will  bring  about  the 
same  result.  By  this  meter  the  consumer  can  buy  gas  when  and  in 
what  quantities  he  wants  it,  the  gas  companies  are  not  put  to  the 
expense  and  trouble  of  booking  small  accounts,  man}'  of  which  they 
might  lose  and  both  sides  are  greatly  benefitted  by  the  system.  In  fact 
its  use  is  not  confined  at  the  present  to  the  poorer  classes  as  there  are 
many  who  prefer  to  pay  as  they  go. 

Cooking  stoves,  or  ranges,  put  in  free  b\-  gas  companies  and  rented 
for  a  small  fee  is  a  method  adopted  by  some  companies  to  gain  con- 
sumers and  one  company  in  which  the  writer  is  interested  is  now  doing 
this  and  finding  it  a  successful  method. 

Probably  the  branch  in  which  gas  engineers  are  most  interested  now 
is  the  use  of  gas 

FOR  HEATING  PURPOSES 

and  the  field  here  is  one  that  will  give  ample  scope  for  much  study  on 
their  part. 

Much  improvement  has  been  made  in  appliances  for  this  particular 
work,  and  some  are  fairly  economic,  but  there  is  a  demand  for  some- 
thing that  is  as  cheap  as  coal  and  when  this  is  approaclied  to  a  some- 
what nearer  degree  than  at  present  provided,  it  will  greatly  enlarge  the 
gas  sales.  Special  furnaces,  both  for  hot  air  and  hot  water,  are  now 
constructed,  but  in  the  writer's  opinion  the  hot  water  system  will  even- 
tually turn  out  the  most  successful.  Some  English  makers  are  turning 
out  a  hot  water  apparatus  which  is  very  efficient  for  heating  conserva- 
tories and  small  apartments  and  no  doubt  before  long  the  system  will 
be  sufficiently  improved  to  allow  its  adoption  for  general  purposes  at 
no  great  increase  over  the  cost  of  coal. 

On  another  page  will  be  found  cuts  of  a  gas  log,  gas  radiator  much 
used  for  auxiliary  heating,  and  also  a  gas  range  and  a  steak  broiler 
which  are  greatly  u.sed  at  the  present  time,  besides  which  there  are  a 
multitude  of  other  heating  and  cooking  appliances. 

A  heater  that  is  worthy  of  more  than  passing  attention  is  manu- 
factured in  this  country  and  is  purely  an  American  invention. 
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Steak  or  Meat  Broiler.  American  Gas  Radiator. 

An  American  Pattern.  Heated  a  room  12^  X  13^  X  from 

4oVo°  F-  to  60°  in  57  niin.  mth  20  ft. 
of  gas  of  18  c. p.  Ooutside  tempera- 
ture below  zero.    Test  b}^  H.  R.  I. 
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It  is  known  as  the  Backus  Patent  Radiating  Steam  Mantel  and  Fire- 
place and  for  beaut}',  efficienc}-  and  economy,  surpasses  an3^thing  that 
is  on  the  market  at  the  present  time.  Perhaps,  because  it  is  more  ex- 
pensive to  purchase  than  other  heaters,  it  is  not  as  well  known  or  as 
much  used  as  common  heaters  but  it  must  onh^  be  a  matter  of  time 
when  it  will  be. 

The  mantel  is  constructed  of  cast  metal  and  resembles  the  decorative 
wooden  mantels  as  now  generall}'  used  although  probably  somewhat 
deeper.  The  fireplace  has  imitation  logs  one  of  which  contains  water. 
From  this  log  to  the  interior  of  the  mantel — the  latter  being  hollow — 
a  pipe  connection  is  made.  When  the  gas  is  lighted  the  water  is  trans- 
formed into  steam  and  passes  all  through  the  heart  of  the  mantel  which 
now  acts  the  same  as  a  steam  radiator  but  has  a  very  much  larger  ra- 
diating surface  than  most  ordinary  radiators. 

Various  sizes  and  st3des  are  made  and  some  of  them  will  heat  a  room 
20  X  20  X  12  ft.,  in  zero  weather,  by  the  use  of  fifteen  feet  of  gas  per 
hour. 

Great  hygienic  advantages  are  claimed  for  this  heater  which  the 
writer  cannot  altogether  verify  at  the  time  of  writing  but  he  believes 
that  results  equal  to  those  claimed  to  have  been  obtained  are  perfectly 
feasible. 

The  cut  below  is  of  a  section  through  the  middle  of  the  mantel  and 
will  explain  very  clearly  the  construction  of  the  entire  heater. 
This  heater  is  made  by  the  Backus  Co.  of  Williamsport,  Pa. 


r/ICf  or  RAD/AT0fi!5  5/)VfS>  BUmO  7/Lt,  SmG  l/Mf  r/Lt. 

PflDinr/NQ  5UPFAGe  Giv/no  5T£m  ntAT.  _ 

hC/iT  rffO/^  L005 .  a5Bt5T05,Am  FLAt^L  

riAr^t  on  A5Bt5T0d  QIV£5  APP£(\nahQE  OF  F/^5-.  \  \ 
ftT  5RMF  TJFIt  60mtf?r6  WATEQ  /mO  STFAM.  WM/CM  I. 
J5  Gnpi?l£D  Br  PIP£3  TO  mDIAT/MO  SUPF/ICF  /QBOVF.  J  \ 

^nDIP0H5  FamiShtD  M7/I  E.ACH  h£AT£Pt.  \^ 

LowPLooB[inQMFArtD,y/iP^p/ztsr/it  mrcp\  ''\ 
//V  rnt  PRh  ppoDuano  a  mpmi.  /7F/iojp/it/?t ;  J  \ 

Jh  FDDJWM  r/ff  WAT  CO  AID5  60AI3U57/0M    /  \ 
^hD  /IBOOm^  /MP0P/T/C3.  / 

rthDEPo  comidntD  w/r/1  tmn  M£f\TZQ   


P/P£b  SUPPiy/m SmM  70 PWT/r^O  5UQFAGC:  aBOV£- 


\  ^  \\U7i5CP7W  A/iP  /=/LL  /J 7  7/7/5 

\-aPPFP  LOG  C0]/£/?£7>  W/77i  A5B£5r05 

■BO/lt/?.  r/LL  7m  OP  7AP77  7/M75  P  YfAQ 

PF6L'LmLYC07l5rP067C7)J3VP7l7Q  /71 
THt  6A5  /&  C0N5UMCD.  MAn/nO  PFPFICF  COTISUSJ/O^ 

WP7fP  Pm.  Hr£P  F/l  L£P. 


92  Association  of  Civil  E7iginecrs  of  Corjiell  University . 


Among  the  many  contrivances  for  the  use  of  gas  in  the  household, 
outside  of  heating,  besides  tliose  ah'eady  mentioned,  the  instantaneous 
water  heater  is  one  that  deserves  consideration  and  in  the  absence  of  a 
cut  the  following  description  will  assist  in  explaining  one  style  : 

Inside  of  a  metal  cylinder  or  upright  vessel  is  jolaced  a  pipe  coil  hav- 
ing a  number  of  small  burners  arranged  to  burn  a  blue  flame.  Above 
this  coil,  surrounded  by  the  outer  shell,  is  a  truncated  copper  cone 
having  a  trough  near  the  top  at  aI)out  right  angles  to  its  surface. 
Above  this  are  two  caps,  or  flatter  cones,  of  copper  which  act  as  water 
sheds.  Through  these,  and  up  through  ihe  center  of  a  pipe  of  about 
three  inches  diameter,  is  carried  the  supply  water  which,  on  leaving  the 
supply  pipe,  falls  through  a  number  of  fan  blades — like  little  wind 
mills — and  is  rapidly  sprayed  on  to  the  caj|s  or  hoods. 

When  the  gas  is  ignited  the  cone  and  the  ui)per  hoods  or  caps  are 
heated,  very  quickly,  to  a  high  tempeiature.  The  water  is  turned  on 
at  the  same  time  as  the  gas,  and.  falling  upon  the  heated  hoods,  with- 
in a  minute,  a  supply  of  hot  water  flows  through  the  trough  and  out 
by  way  of  the  escape  pipe. 

This  flow  of  water  will  continue  as  long  as  the  gas  remains  lighted 
and  when  in  operation,  say  in  a  bath  room,  the  heater  will  supply  suf- 
ficient hot  water  for  a  bath  while  one  is  getting  ready  for  it.  The 
water  can  be  intensely  heated  by  regulating  the  suppl3\  and  experi- 
ments show  that  the  system  is  aljout  the  most  economic  and  rapid 
method  of  heating  water  that  exists 

With  gas  at  about  $125  p^r  tliousin  I  cubic  feet  the  average  cost  of 
a  bath  would  be  about  one  cent. 

By  the  use  of  such  appliances  as  these  it  is  not  hard  to  .see  that  gas 
has  a  field,  outside  of  illuminating,  which  will  give  gas  companies  a 
much  better  opportunit}^  to  increase  their  output  than  in  the  days  when 
they  depended  on  lighting  alone. 

GAS  AS  A  MOTIVE  POWER. 

The  use  of  gas  as  a  motive  poweV  is  one  that  probably  interests  most 
gas  engineers  to  the  greatest  extent  and  this  brings  us  to  the  consider- 
ation of  the  progress  which  has  been  made  in  this  line  since  the  inven- 
tion of  the  early  Otto  make  of  gas  engine. 

The  gas  engine  at  one  time,  and  not  many  years  ago  either,  was 
looked  upon  as  a  motor  g  )od  enough  to  run  coffee  mills  and  printing 
presses,  but  later  developments  have  changed  its  field  materially  and 
now  it  is  ambitious  to  compete  with  steam. 

To-day  gas  engines  are  in  use  up  to  two  hundred  horse  power  and 
some  much  larger  are  under  construction  or  in  actual  operation. 
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In  view  of  the  many  articles  on  this  subject  of  late,  particularly  in 
the  Engineeri^ig  Magazine,  we  will  not  dwell  ver}"  long  on  it  here  ex- 
cept tosa}'  that,  with  the  assistance  of  improved  engines,  gas  companies 
hope  still  further  to  enlarge  their  field  and  indications  point  in  a  di- 
rection that  makes  it  probable  that  their  hopes  will  not  be  disappointed. 

One  of  the  new  uses  to  which  gas  engines  have  been  applied  is  the 
generation  of  electricity.  Special  gas  engines  are  now  made  for  run- 
ning dynamos  and  it  is  a  curious  fact  that  some  gas  companies  are  now 
furnishing  light  in  some  cases  by  means  of  electricity  generated  by  gas 
power.    This  is  one  way  of  meeting  a  competitor. 

While  the  efficienc}-  of  the  gas  engine  has  been  improved  very  much 
there  have  also  been  man}^  mechanical  improvements  ;  the  engine  is 
not  .so  cumbersome  as  in  its  early  days  and  American  inventors  have 
added  one  great  improvement — the  electric  igniter. 

The  cut  below  is  an  American  made  Otto  gas  engine  of  4^  h.  p. 
with  an  electric  spark  igniter  and  is  a  most  efficient  machine. 

The  writer  has  experimented  considerably  with  this  engine  and  be- 
lieves it  can  be  run  with  a  consumption  of  from  13  to  15  cubic  feet  of 
gas  per  horse  power,  per  hour,  and  since  it  has  been  in  operation  for  a 
while,  it  can  be  started  with  only  a  partial  turn  of  the  fly  wheel. 

This  motor  was  adopted  in  place  of  a  3  h.  p.  electric  motor  and  for 
the  same  class  of  work,  the  same  number  of  hours,  it  was  found  to  be 
only  one-third  as  expensive  as  the  former. 

In  Part  I  of  Vol.  XI.  Canadian  Society  Transactions — Civil  Engi- 
neers— will  be  found  a  .series  of  lectures  by  Prof.  Nicholson  of  McGill 
College,  on  "Transmission  and  Distribution  of  Power  by  Compressed 
Air,  Fuel  Gas  etc. , ' '  and  Professor  Nicholson  shows  that  ' '  compressed 
air,  and  fuel  gas,  more  or  less  compressed,  will  in  the  future  become 
the  most  formidable  competitor  of  electricity  as  the  media  to  be  em- 
ployed by  engineers  whenever  power  has  to  be  obtained  from  a  natural 
source,  transformed  and  transmitted  for  utilization  to  considerable  dis- 
tances from  that  source." 

The  newest  use  to  which  the  gas  motor  has  been  applied  is  that  of 
propelling  street  cars  and  in  this  connection  it  has  proven  much  more 
satisfactory  than  the  fondest  hopes  of  the  gas  engineer  looked  for.^ 

The  system  was  adopted  at  Dessau,  Germany,  two  or  three  years  ago 
and  the  work  accomplished  by  it  is  indeed  remarkable. 

The  motor  is  constructed  on  the  Otto  principle  and  is  placed  under- 
neath the  car,  the  gas  being  stored  in  cylinders  the  same  as  in  the 


^See  also  Progressive  Age,  Sept.  16,  '95,  and  Feb.  15,  '96.  The  Engineer,  July 
17,  '96. 
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Pintsch  system  of  car  lighting  ;  you  no  doubt  know  tliat  upwards  of 
seventy  thousand  cars  in  Europe  are  lighted  by  gas  under  the  Pintsch 
patents. 

The  gas  is  stored  under  pressure  of  al)out  ten  atmospheres  and  the 
cylinders  are  sufficiently  large  to  hold  enough  for  a  rnn  of  seven  miles 
and  upwards.  The  system  is  really  a  development  and  improvement 
on  the  patents  of  Herr  Luhrig,  of  Dresden,  where  a  line  is  in  operation, 
also  at  Berlin,  and,  since  its  adoption  in  Dessau,  several  other  lines, 
in  different  towns  have  been  constructed. 


American  made  Gas  Engine,        h.  p.  Spark  Igniter. 


The  British  Gas  Traction  Co.,  opened  a  road  at  Blackpool,  July,  '96, 
from  Blackpool  to  St.  Annes  to  lyytham,  and  so  far  it  has  been  success- 
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ful  and  has  been  extended  considerably  from  what  it  was  at  the  start. 

The  first  cars  weighed  about  seven  and  a  half  tons  and  were  regu- 
lated to  a  maximum  speed  of  8)2  miles  with  14  h.  p.  A  larger  motor 
has  a  speed  of  15  miles  per  hour. 

One  of  the  great  adv  mtages  of  the  system  is  that  each  car  is  inde- 
pendent in  itself.  There  is  no  central  station  to  depend  on  and  no  lay- 
ing up  of  the  whole  road  in  case  of  an  accident  to  the  power,  which  is 
not  unfreqent  with  electric  traction. 

The  following  data,  which  the  writer  has  been  a])le  to  obtain,  is 
taken  from  records  made  on  the  Blackpool  Line  and  will  give  a  good 
idea  as  to  what  can  be  done  from  an  economic  view. 

Cost  per  Mile  of  Running  Gas  Tramcar  : 


Cost  of  Gas  1.05  pence 

Driver  r.15 

Depreciation,  Repairs,  &c  :__  .80 

Labor  for  above   .45 

Cleaners   .10  " 

Compressing  gas   .15  " 

Total  3.70  pence. 


Or  say  seven  and  one-half  cents  which  will  be  found,  on  comparison 
with  other  .systems,  remarkably  cheap. 

Gas  tranicars  are  now  being  tested  at  both  Paris  and  Amsterdam  and 
are  proving  perfectly  successful. 

The  British  company  recently  opened  a  line  at  Trafford  Park,  Man- 
chester, which  runs  to  the  Ship  Canal  and  will  be  extended  further. 
They  are  also  earring  on  the  line  from  lyythan  to  Fleetwood,  a  distance 
of  20  miles. 

Nothing  of  importance  has  been  done  on  this  side  of  the  water  with 
gas  traction  outside  of  some  experimenting. 

The  writer  has  been  engaged  in  studying  it  for  some  two  years  and  a 
company,  of  which  he  is  engineer,  has  recently  obtained  a  charter, 
through  x\ct  of  Legislature,  to  build  a  gas  road  at  Charlottetown,  P.  E. 
I.,  Canada,  and  four  miles  will  soon  be  under  construction. 

The  system  is  claimed  to  be  unsurpassed  in  economy  by  any  other 
motive  power,  particularly  in  towns  wiiere  tlie  traffic  is  not  extremely 
heavy  or  where  cars  are  not  required  to  be  in  motion  constantly.  Be- 
sides the  initial  cost  of  plant  is  by  far  the  cheapest. 

Experience  proves  that  street  car  companies  often  fail  in  small  towns 
with  the  electric  .system  as  the  expense  of  operating  is  practically  the 
same  whether  there  are  many  or  few  passengers  to  carry.  In  the  case  of 
the  gas  cars,  when  the  car  is  idle,  the  only  expen.se  for  power  is  the 
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slight  amoLiut  of  gas  required  to  keep  the  fly  wheel  moving  and  where 

a  car  is  stopped  for  say  a  half  hour  or  more  tlie  machinery  may  be 
also  stopped. 

The  cars  which  will  be  used  at  Charlottetown  can  mount  a  gradient 
of  one  in  twenty  and  will  be  aljle  to  pass  over  a  curve  of  less  than  forty 
feet  radius.  When  running  at  eight  miles  an  hour  the  driver  can  stop 
a  car  within  its  own  length. 

Later  on  a  special  paper  on  this  subject  will  be  provided  for  your 
Transactions  as  the  writer  believes  that  the  honor  of  introducing  the 
system  into  this  country,  in  a  really  commercial  shape  by  the  means  of  a 
regularly  incorporated  company,  will  belong  to  a  Cornell  graduate. 

This  paper  started  out  to  give  an  idea  as  to  the  "  Present  and  Future 
of  Gas,"  and  before  bringing  it  to  a  close  it  would  be  well  to  look  into 
the  relation  of  the  civil  engineer,  or  engineering  graduates,  with  the 
gas  industry,  so  called. 

A  recent  English  journal  stated  that  the  day  for  the  old  time  gas 
engineer  was  over  and  the  future,  as  well  as  the  present,  demands  that 
only  men  of  sufficient  technical  education  be  placed  at  the  head  of  gas 
corporations.  Only  within  a  few  months  there  were  a  number  of  posi- 
tions as  gas  managers  vacant  in  Great  Britain  simply  because  the 
proper  men  were  not  available  and  the  writer  believes  that  there  are 
many  companies  in  this  country  that  could  make  a  change  in  the  right 
direction  by  putting  men  at  the  head  of  their  business  who  were  prop- 
erly qualified  engineers,  or  civil  engineers. 

The  latter,  he  thinks,  has  a  great  advantage.  An  advantage  in  be- 
ing able  to  make  proper  street  plans  ;  in  supervising  the  accurate  laying 
of  pipe  ;  in  being  able  to  design  and  construct  truss  work  for  retort 
houses  and  holders  and,  if  the  compau}^  is  also  interested  in  street  rail- 
way operating,  he  can  also  act  as  engineer  to  it. 

In  addition  to  the  above  he  should  be  able  to  test  coal  and  analyze 
gases,  as  there  is  more  of  this  work  being  required  every  year  and  to 
this  he  can  give  considerable  time  during  the  winter  months.  So  you 
will  see  that  the  civil  engineer  is  very  closely  allied  to  this  business 
and  an^^  young  engineer  who  has  a  liking  to  the  lines  enumerated  can- 
not do  better,  in  the  writer's  opinion,  than  get  emloyment  with  a  gas 
company  and  work  up  to  the  management  of  the  same. 

Many  graduates  will  find,  like  those  of  us  in  the  pa.st  found,  that 
positions  are  not  waiting  for  them  all  over  the  country,  but  that  they 
must  in  a  measure  assist  themselves  in  getting  work,  and  the  writer 
believes  that  gas  undertakings  will  in  the  future  furnish  employment 
for  many  able  graduates. 

And  now  a  word  to  the  Engineering  Faculty,  to  those  who  have  so 
ably  guided  us  through  our  four  years  of  hard  work. 
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Do  you  not  think  that  the  present  status  of  the  gas  business  requires 
more  attention  than  was  given  to  it  in  the  days  when  the  writer  was  an 
undergraduate  ?  Do  you  not  agree  with  the  writer  that  there  is  a  field 
for  many  of  your  graduates  ?  and  that  there  is  in  it  as  brilliant  a  future 
for  someone  as  in  bridge  engineering  or  some  kindred  work  ? 

Within  a  few  months  a  former  graduate  wTote  to  the  writer  inquir- 
ing about  work,  not  having  met  with  ver}'  great  success  in  the  town 
where  he  was  situated,  and  was  totall}^  unaware  that  at  his  ver}'  feet 
lay  a  position  as  manager  of  a  gas  compan}^  that  he  could  have  obtained 
by  the  assistance  of  a  few  friends.  But,  he  claimed  that  he  knew 
nothing  of  the  business,  and  therefore  lost  a  golden  opportunity  as 
his  training  and  energy,  compared  with  the  former  managers,  would 
have  been  able  to  put  the  compan\'  right  on  its  feet  and  given  him  a 
good  silar}'  too. 

So  the  wTiter  believes  that  a  complete  course  of  gas  engineering 
should  be  provided  for  any  students  who  desire  it  and  that  in  providing 
it  the  College  of  Civil  Engineering  of  Cornell  University  would  be  only 
adding  to  its  strength. 

Gas  analyses,  a  more  complete  knowledge  of  chemistry,  the  theory 
and  design  of  retort  benches,  regenerative  and  recuperative  benches  or 
furnaces,  practical  work  in  photometr}',  etc.,  would  be  the  only  extra 
studies  required  and  a  thesis  on  some  important  topic  concerning  gas 
would  finish  a  very  valuable  course. 

The  writer  trusts  that  this  will  soon  be  provided  and  onl}'  regrets 
that  he  is  unable  to  do  more  toward  it  than  to  contribute  a  rather 
hastily  prepared  paper  which  he  feels  does  but  poor  justice  to  such  an 
extensive  subject. 

In  conclusion  he  gives  below  a  list  of  the  leading  gas  journals  and 
some  of  the  books  most  used  b}^  gas  engineers  and  wishes  success  to 
tho.se  who.se  names  are  about  to  be  placed  on  the  list  of  graduates  and 
hopes  that  they  will  be  true  to  themselves  and  to  their  Alma  Mater. 

JOURNALS  DEVOTED  TO  ILLUMINATING  GAvS,  ETC. 

Progressive  Age,  280  Broadway,  N.  Y.  City  ;  American  Gas  Light 
Journal,  32  Pine  St.,  N.  Y.  City;  Journal  of  Gas  Lighting,  11  Bolt 
Court,  Fleet  St.,  London,  England  ;  The  Gas  World,  3  Ludgate  Circus 
Bldgs.,  London,  E.  C,  England  ;  Journal  de  L'Eclairage  au  Gaz,  4 
Rue  de  la  Bourse,  Paris,  France  ;  La  Gaz,  12  Rue  Fontaine,  Paris, 
France  ;  Journal  du  Gaz  et  de  L'Electricite,  23  Rue  de  Navarin,  Paris, 
France  ;  Le  Moniteur  de  L' Industrie  du  Gaz  et  de  L'Electricite,  24  Rue 
Condorcet,  Paris,  France  ;  Journal  des  Usines  a  Gaz,  65  Rue  de  Prov- 
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ence,  Paris,  France  ;  L' Industrie  filectrique,  9  Rue  de  Fleurus,  Paris, 
France  ;  Journal  fur  Gas  Beleuchtung  und  Wasserversorgung,  Gliick- 
strasse  11,  Munich,  Germany  ;  Der  Gasteckniker,  Taubstumniengasse 
No.  6,  Vienna,  Austria  ;  Zeitsclirift  fiir  Beleuchtungswesen,  Heiz  und 
lyiiftungs  Teclinik,  Bulostrasse  91,  Berlin,  Germany  ;  Zeitsclirift  fur 
das  Gas  und  Wasserfach,  Friedensgasse  4,  Vienna,  Austria;  Kraft  & 
Liclit,  Diisseldorf,  Germany. 

Beside  the  above  there  are  several  journals,  of  recent  birth,  which 
are  devoted  to  acetylene  gas,  which  has  not  been  touched  upon  in  this 
article.  Also  a  number  of  the  leading  technical  journals  devote  con- 
siderable space  to  gas  topics  but  generally  reprint  from  the  recognized 
gas  publications. 

The  books  that  \\\\\  be  found  of  especial  value  to  the  gas  engineer- 
ing student  are  :  — 

Chemistry  of  Illuminating  Gas,  by  Norton  H.  Humphreys  ;  Gas 
Engineers  Laboratory  Handbook,  by  John  Hornby,  F.  I.  C;  Chemis- 
try of  Gas  Manufacture,  by  W.  J.  A.  Butterfield  ;  Inorganic  Chemis- 
try, by  Prof.  Victor  van  Richter  ;  Coal,  Its  History  and  Use,  by  Prof. 
Thorpe";  Construction  of  Gas  Works,  by  Walter  Ralph  Herring;  Dis- 
tillation of  Coal  Tar  and  Ammoniacal  Liquors,  by  George  Lunge  ;  Gas 
Works,  Their  Arrangement  and  Construction  ;  Practical  Photometry, 
by  W.  J.  Dibdin  ;  The  Management  of  Small  Gas  Works,  by  C.  J.  R. 
Humphreys  ;  Manual  for  Gas  Engineering  Students,  by  D.  Lee  ; 
Ammonia  and  Ammonium  Compounds,  by  Dr.  R.  Arnold  ;  Practical 
Hints  on  Regenerator  Furnaces,  by  M.  Graham  ;  Practical  Handbook 
of  Gas  Engines,  by  G.  Lieckfield  :  Practical  Treatise  on  Heat,  by 
Thomas  Box  ;  Technical  Gas  Analysis  ;  Gas  and  Gas  Works,  by 
Hughes  and  Richards  ;  Gas  Coals  and  Cannels,  by  David  A.  Graham  ; 
The  Incandescent  Gas  Light,  by  Wilhelm  Gentscli,  Progressive  Age 
Pub.  Co. 

Any  of  these  books  may  be  obtained  through  the  Progressive 
Age  Co.  or  the  American  Gas  Light  Journal,  New  York. 
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SUBSTRUCTURES  OF  TAI.L  BUILDINGS.— A  REVIEW  OF 
RECENT  DEVELOPMENTS  AND  TYPICAL  FEATURES. 

BY  FRANK  W.   SKINNER,  '79. 

The  first  preliminar}^  of  actual  design  and  construction  of  the  founda- 
tion of  a  tall  building  should  be  a  most  thorough  and  scrupulous  ex- 
ploration of  the  soil  below  its  site  and  this  can  be  effected  with  more  or 
less  accurac}'  in  various  ways.  In  soft  soils  soundings  can  be  made  by 
driving  a  steel  rod  to  a  considerable  depth.  In  clay  and  other  earths  a 
w^ell  auger  can  be  bored  down  sometimes  a  hundred  feet  or  more  and 
bring  up  excellent  indications  of  the  different  strata  encountered  if 
rocks  and  stones  are  not  met.  Absolute  data  can  only  be  secured  by 
means  of  sinking  trial  pits  or  b\^  making  diamond  drill  borings  and  re- 
covering the  core,  but  as  both  of  these  methods  are  comparatively  slow 
and  expensive  and  cannot  often  be  used,  others  are  generally  adopted, 
although  the  indications  the}'  give  must  be  mainly  considered  as  neg- 
ative ones.  The  most  common  method  is  by  means  of  sinking  test 
holes  by  the  jet  system.  In  this  process  sections  of  pipe  about  two 
inches  in  diameter  are  driven  down  vertically  by  the  combined  action 
of  a  hammer  and  of  an  interior  hydraulic  jet  at  high  pressure  delivered 
through  a  three-quarter-inch  inside  pipe.  These  soundings  can  be 
made  rapidly  and  to  a  great  depth  and  if  conducted  with  care  and  the 
effluent  water  and  sediment  preserved,  valuable  indications  may  be  had 
of  the  character  of  the  soil  and  the  probable  distance  to  hard  strata. 
Single  borings  are,  however,  of  very  little  u.se  and  likely  to  be  mislead- 
ing, but  a  considerable  number  of  them  can  be  compared,  and  es- 
pecially if  tested  by  one  or  two  diamond  drill  borings,  may  be  found 
adequate.  Sometimes  when  the  borings  are  conducted  in  the  open  air, 
a  light  pile  driver  frame,  operated  by  hand  or  by  a  small  engine,  is  pro- 
vided for  driving  the  pipes,  but  the  borings  are  very  often  taken  in  the 
cellar  of  the  old  building,  l)efore  it  is  demolished  to  make  room  for  the 
new  one,  and  here  the  head  room  is  so  small  that  different  methods  are 
required.  Many  borings  of  tliis  kind  have  been  made  where  the  pipes, 
in  sections  from  three  to  ten  feet  long,  were  mauled  down  by  hand 
by  two  men,  while  a  third  man,  with  a  hand  pump,  supplied  the  pres- 
sure for  the  hydraulic  jet.  In  1890  about  two  hundred  testholes,  with 
an  average  depth  of  28  feet,  costing  $4.31  each,  were  sunk  by  the  jet 
process  by  a  gang  of  four  men,  using  a  hand  force  pump  and  pulling 
the  pipes  up  with  a  lever  and  chain  grip. 
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The  bearing  power  of  soils  varies  from  swamps  and  qnicksaiids  that 
will  not  sni)port  a  man's  weight,  to  hard  clay  and  fine  sand,  that  will 
safely  sustain  several  tons  per  square  foot.  An  ordinary  earth  may  l)e 
expected  to  carr}'  from  one  to  three  tliousand  pounds  per  square  foot, 
which  suffices  for  buildings  of  moderate  weiglit  But  for  very  tall  or 
heavy  buildings,  the  pressures  may  exceed  twenty  tliousand  pounds 
per  square  foot  or  eight  and  one-half  million  pounds  for  one  p\(^r,  as  in 
the  Manhattan  Building,  where  a  load  of  8,553,000  pounds  was  carried 
on  a  pier  11x36  feet  and  the  total  weight  of  the  building  imi)osed  a 
load  of  over  7,000  pounds  per  square  foot  ujion  the  entire  area  included 
between  its  outside  walls.  Among  the  experiments  made  upon  the 
compression  and  settlement  of  soils  was  that  of  clayey  soil  :it  the  Al- 
bany Capitol  which  did  not  yield  under  a  weight  of  4,000  ])ounds  per 
square  foot,  but  showed  adjacent  upheaval  when  the  load  was  in- 
creased to  10,000  pounds.  At  the  Library  of  Congress  in  Washington 
the  soil  developed  a  resistance  of  about  20,000  j)ounds  })er  square  foot. 
In  Paris,  France,  cast  iron  blocks,  20  inches  square,  set  on  the  surface 
of  the  earth,  sustained  a  load  of  10,800  i)ounds  per  .square  foot  ;  with 
14,600  pounds  they  settled  11  inches  in  a  few  hours.  Other  tests  made 
with  ma.sonry  piers  6j^  feet  square  settled  much  less  than  did  a  large 
embankment  on  the  same  soil  sustaining  one-half  as  great  a  load  per 
square  fool.  The  New  York  foundations  of  the  Brooklyn  Bridge  ])iers 
transmit  without  perceptible  .settlement  a  pressure  of  nearly  14,000 
pounds  per  square  foot  to  the  fine  yellow  sand  that  sustained  a  12  x  12 
inch  timber  loaded  with  20,000  pounds  per  square  foot  without  causing 
any  penetration.  In  the  business  part  of  Chicago  the  surface  of  the 
ground  is  about  ten  feet  above  lake  level  and  about  five  feet  above  the 
original  surface  and  the  upper  stratum  of  loam,  only  ten  or  fifteen  feet 
thick,  overlies  a  hard,  dry  crust  of  clay  about  ten  feet  thick  which  is 
underlaid  b)''  from  sixty  to  one  hundred  feet  of  soft,  wet,  unstable  blue 
drift  clay,  which  is  supported  on  rock  or  hardpan.  This  clay  is  in  a 
semi-plastic  condition  and  has  a  great  avidity  for  water  ;  it  contains 
beds  of  quicksand  and  is  unable  to  sustain  any  considerable  loads  be- 
low the  surface  of  the  upper  crust.  If  the  clay  stratum  is  loaded  with 
about  three  thousand  pounds  per  .square  foot  and  allowed  to  remain  un- 
disturbed for  several  months,  the  effect  is  generally  to  produce  a  uni- 
form small  settlement,  which  increases  sometimes  irregularly  for  a  long 
time  until  it  attains  a  total  amount  of  perhaps  two  inches  and  ceases, 
after  which  considerable  additional  loading  does  not  usually  produce 
appreciable  settlement  or  compression.  The  clay  crust  is  considered 
capable  of  carrying  safely  a  maximum  load  of  about  4,000  pounds  per 
square  foot.    The  Chicago  building  laws  permit  it  to  be  loaded  to 
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3,000  pounds  per  square  foot,  and  4,000  pounds  per  square  foot  to  be 
imposed  on  pure  dry  sand  15  feet  thick.  In  New  York,  below  the  thin 
upper  layer  of  made  land  and  alluvium,  the  soil  in  the  principal  part  of 
the  business  district  generally  consists  of  fine  w^et  sand  from  40  to  100 
feet  deep,  underlaid  by  rock  or  ver}^  refractory  hard  pan  and  containing 
gravel,  boulders  and  occasional  pockets  of  quicksand.  Eminent 
authorities  consider  the  dense  undisturbed  sand,  when  it  is  free  from 
quicksand,  able  to  carrj-  a  maximum  load  of  8,000  pounds  per  .square 
foot,  which  is  permitted  by  the  building  laws,  but  6,000  pounds  is 
rareh'  exceeded  and  often  causes  perceptible  settlement.  Piles  14  in- 
ches in  diameter  well  driven  through  this  sand  and  .spaced  not  more  than 
30  inches  apart,  are  permitted  by  law  to  be  loaded  up  to  40,000  pounds 
each.  In  Buffalo  the  building  laws  allow  foundation  loads  of  7,000 
pounds  to  the  square  foot  on  dry  clay.  In  different  cities  the  legal  pres- 
sures permitted  on  different  foundation  materials  are  as  follows  :  on  con- 
crete in  Buffalo  per  square  foot,  8,000  pounds  ;  in  Chicago,  8,000  ;  on 
cut  stone  in  Buffalo,  14,000  ;  in  Chicago,  10,000  ;  on  brick  in  New 
York,  30,000 ;  in  Chicago,  25,000  ;  in  Boston,  30,000.  Foundation 
piles  are  generally  driven  either  to  the  rock,  or  to  hardpan,  or  until  the 
skin  friction  becomes  so  great  that  the  penetration  is  not  more  than  an 
inch  or  two  for  a  blow  of  a  one  or  two  thousand  pound  hammer  falling 
fifteen  or  twenty  feet,  and  a  pile  which  while  being  driven  will  be 
moved  perceptil)ly  by  such  a  blow,  will  require  a  much  heavier  one  to 
start  it  again  after  a  short  interval.  This  is  illustrated  by  a  record  of 
some  piles  that,  after  being  driven  35  feet  through  liquid  mud  and  left 
undisturbed  for  leu  hours,  sustained  a  load  of  13,000  pounds  each  be- 
fore commencing  to  settle  again. 

It  is  customary,  especially  in  Chicago,  to  make  careful  preliminary 
calculations  for  the  probable  amount  of  .settlement  for  a  building  and  to 
endeavor  to  secure  uniform  unit  pressures  on  the  foundations,  so  as  to 
insure  regularity  in  the  settlement  of  the  building  as  a  whole.  The 
Monadnock  Building,  200  feet  high,  with  a  foundation  pressure  of 
3,750  pounds  per  .square  foot,  settled  quite  uniformly  about  five  inches. 
The  Old  Colony  Building.  215  feet  high,  with  a  foundation  pressure  of 
3,220  pounds  per  square  foot,  settled  from  4fV  to  5^  inches  in  nine 
months.  The  Home  Insurance  Building,  159  feet  high,  is  founded  on 
a  very  thin  crust  of  dry  clay  and,  being  started  2\  inches  above  the  re- 
quired grade,  eventually  .settled  2\  inclies,  with  only  a  variation  of  Cl- 
inch between  any  two  points.  A  government  building  in  Chicago  set- 
tled from  6  inches  to  18  inches  during  the  first  fourteen  years  after  it 
was  built,  and  the  City  Hall,  in  the  same  city,  which  was  built  on  a 
monolithic   concrete  bed   three   feet   thick,   .settled   unevenly   to  a 
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maximum  of  14  inches.    The  St.  Paul  Building,  New  York,  is  315  feet 

high  and  exerts  a  foundation  pressure  of  6.000  pounds  per  square  foot 
on  the  surface  of  the  fine  dense  sand  upon  which  it  rests.  In  prelim- 
inary tests  to  determine  the  bearing  capacity  of  the  soil,  the  surface  was 
protected  by  a  continuous  thick  bed  of  concrete  tli rough  wliich  a  hole 
was  cut  just  large  enough  to  admit  the  end  of  a  timber  twelve  inches 
square.  The  upper  end  of  this  timber  was  then  loaded  with  a  weight, 
gradually  increased  to  13,000  pounds,  which  only  produced  a  settlement 
of  of  an  inch  after  several  weeks,  during  which  the  soil  had  been 
plentifully  saturated  with  water.  The  actual  foundation  pressure, 
however,  of  about  6,200  pounds  per  square  foot,  only  i^roduced  a  settle- 
ment of  about  I  inch  in  a  year.  Notwithstanding  these  results,  the 
owners  of  the  adjacent  property  caused  tests  to  be  made  of  the  bearing 
capacity  of  the  soil  underneath  their  building  and,  a  larger  area  of  the 
surface  having  been  loaded,  the  settlement  (the  exact  amount  of  which 
was  not  published)  was  such  tliat  they  decided  to  excavate  their  cellar 
bottom  simultaneously  with  that  of  the  new  building  and  to  the  same 
level.  This  was  done  with  the  view  of  reassuring  them  and  preventing 
an}'  unnecessary  disturbance  of  the  soil  in  case  they  should  hereafter 
wish  to  rebuild  on  that  site  to  a  great  height. 

In  the  Marquette  Building.  Chicago,  special  provision  was  made  to 
correct  possible  unequal  settlement  by  providing  an  opportunity  to  in- 
sert hydraulic  jacks  under  the  bottoms  of  the  columns  at  any  time  and 
lift  them  separately  so  as  to  adjust  them  by  fillers  of  the  required  thick- 
nesses. A  similar  but  much  more  elal^orate  arrangement  was  con- 
structed of  beams  and  girders  to  support  the  columns  of  the  vSt.  Paul 
Building. 

According  to  the  character  of  the  soil  and  the  estimated  loads  to  be 
imposed  the  foundations  are  of  the  surface,  pit,  caisson  or  pile  types. 
As  the  loads  are  always  large  and  movements  of  the  structure  are 
dangerous  the  foundations  should  be  designed  when  possible  .so  as  to 
have  no  settlement  or  distortion  w  iatever.  Perfect  stability  can  be 
assured  by  going  to  solid  rock  or  hard  pan  or  by  preventing  any  dis- 
turbance of  loose  soils  and  restricting  the  pressures  upon  them  to 
proper  fractions  of  their  bearing  capacities.  If  neither  of  these 
methods  is  feasible  the  unit  strains  throughout  the  bearing  surfaces 
should  be  m?de  uniform  and  the  foundations  proportioned  so  that  set- 
tlement should  be  regular  and  equal  throughout. 

Whatever  kind  of  foundation  is  adopted  the  area  of  its  ba.se  is  many 
times  greater  than  that  of  the  column  it  supports.  The  offset  masonry 
piers  that  formerly  extended  the  ba.ses  of  the  columns  and  distributed 
their  loads  over  the  footings  are  almost  universally  superseded  now  by 
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s\'stems  of  steel  beams  and  girders  that  are  proportioned  for  the  bend- 
ing strains  produced  b}^  the  column  loads.  The  heights  of  the 
piers  are  thus  diminished  and  a  large  amount  of  space  saved  in  the 
lower  part  of  the  building. 

In  the  earlier  examples  of  steel  grillage  foundations,  the  column  load 
was  often  distributed  horizontall}^  b}^  crossed  la3'ers  of  comparatively 
shallow  beams,  but  the  present  practice  is  to  make  the  grillage  beams 
deep  enough  so  that  each  can  sustain  its  load  without  undue  deflection 
when  it  is  concentrated  at  the  center  and  then  to  load  these  beams  by 
a  distributing  girder  proportioned  to  be  stiff  enough  to  receive  the 
column  load  in  the  center  and  transmit  nearl}^  equal  portions  of  it  to 
each  of  the  parallel  grillage  beams  in  the  set.  The  simplest  form  is 
one  column  set  in  the  center  of  a  distributing  girder  which  crosses  the 
centers  of  several  parallel  grillage  beams.  Sometimes  there  are  how- 
ever two  or  more  columns  set  on  one  distributing  girder  and  sometimes 
two  or  more  distributing  girders  are  placed  on  the  same  set  of  grillage 
beams  or  one  distributing  girder  may  be  supported  b}^  two  sets  of 
grillages.  The  grillages  may  rest  on  the  earth  or  on  tops  of  piers, 
which  may  themselves  rest  on  the  earth  on  piles,  on  grillages  or  on 
caissons. 

One  of  the  largest  and  heaviest  distributing  girders  ever  used  in  a 
building  foundation  is  that  in  the  Queens  Building,  N.  Y.,  which 
weighs  about  74,000  pounds,  and  was  shipped  complete  from  the  shops 
where  it  was  built. 

In  the  12  story  Franklin  Building,  New  York,  a  maximum  esti- 
mated load  of  400  pounds  per  square  foot  of  floor  surface  is  carried  on 
groups  of  24  inch  grillage  beams  that  cover  about  80  per  cent  of  the 
area  of  the  site,  and  they  are  proportioned  for  independent  transmission 
of  their  respective  column  loads,  and  to  transmit  a  pressure  of  8,000 
pounds  per  square  foot  to  the  surface  of  the  fine  gravel  on  which  they 
rest,  the  concrete  floor  in  which  they  are  bedded  is  made  continuous. 
The  grillage  beams  are  loaded  by  solid  embedded  distributing  girders 
carrying  one  or  two  columns  each.  In  cases  where  the  dimensions  of 
the  distributing  girders  were  considered  inadmissible  for  single  mem- 
bers pin  connected  trusses  were  substituted  for  them  and  their  members 
reduced  to  convenient  size  and  weight  for  transportation,  were  assem- 
bled in  situ.  Some  economy  of  weight  was  also  effected  as  the  trusses 
weighed  only  about  60,000  pounds  as  against  80,000  pounds  for  a  cor- 
responding box  girder. 


*This  engraving  and  that  of  the  pneumatic  Caisson  in  the  Standard  Building  and 
the  Queens  Building  Floor  are  reprinted  by  permission  of  The  Engineering  Record. 
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Surface  foundations  have  their  footings  at  about  the  level  of  the  cellar 

floor  and  generally  consist  of  grillages  of  steel  beams  bolted  together 
and  embedded  in  concrete  from  i  to  3  feet  thick.  Usually  the  sets  of 
beams  are  arranged  to  support  single  columns  or  small  groups  of  col- 
umns and  are  separated  so  as  to  act  inde])endently  under  their  respec- 
tive loadings. 

Sometimes,  however,  the  beams  are  bedded  in  a  mass  of  concrete 
that  is  uniform  over  the  whole  area  of  the  building,  as  is  the  case  with 
the  St.  Paul  and  the  Wilkes  Buildings,  N.  Y.,  and  the  Spreckels 
Building  in  San  Francisco. 

The  Spreckels  Building  is  19  stories  or  300  feet  high  above  the  side- 
walk and  is  75  feet  .square.  A  pit  25  feet  deep  and  about  100  feet 
square  was  dug  for  its  foundations  and  the  wet  sandy  bottom  covered 
with  a  monolithic  bed  of  concrete  2  feet  thick.  Upon  this  bed  a 
layer  of  58,  15-inch  beams  96  feet  long  was  set,  and  on  top  of  them  a 
cross  layer  of  63,  15-inch  beams  91.5  feet  long  was  laid,  and  concrete 
filled  around  them  to  their  u])per  flanges.  A  solid  base  4^  feet  thick 
and  70%  larger  than  the  building  was  thus  made  and  upon  it  were  set 
the  main  columns  that  loaded  it  up  to  about  4,500  lbs  per  square  foot. 
The  20  outside  columns  are  anchored  down  to  the  lower  tier  of  beams 
by  pairs  of  steel  bars. 

The  St.  Paul  Building  is  26  stories  or  315  feet  high  above  the  pave- 
ment and  its  foundations  rest  on  fine  wet  sand  just  below  the  cellar 
floor  32.5  feet  below  the  street  and  about  80  feet  above  bed  rock.  The 
bottom  of  the  pit  is  covered  with  i  foot  of  concrete  upon  which  are 
set  separate  longitudinal  rows  of  transverse  15-inch  I  beams  with 
riveted  and  rolled  longitudinal  girders  on  top.  Several  columns  are 
supported  on  each  set  of  longitudinals  by  means  of  cross  beams  between 
their  bases  and  the  top  flanges  of  the  girders. 

In  Chicago  most  of  the  tall  buildings  have  surface  foundations  of 
steel  and  concrete  grillages,  and  as  they  are  built  over  a  very  wet,  soft, 
plastic  clay  that  when  exposed  can  sustain  onl}'  small  loads  they  are 
aptly  called  Raft  foundations.  Allowance  is  generally  made  for  their 
settling  2  inches  or  more,  and  in  the  earlier  buildings  the  grillages 
were  made  of  crossed  layers  of  rails.  The  Rookery,  the  Rand  & 
McNally,  the  Masonic  Temple  and  the  Old  Colony  Buildings  in  Chi- 
cago have  Raft  foundations. 

The  World  Building,  N.  Y.,  is  275  feet  high  and  the  loads  from  its 
interior  columns  are  distributed  over  extended  zones  of  the  surface  of 
the  dense  wet  sand  by  means  of  inverted  arches  with  concrete  footings. 

In  the  Wilkes  Building,  New  York,  the  foundation  consists  of  a 
monolithic  concrete  floor  27  inches  thick,  that  is  laid  on  the  hard  sand 
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and  in  which  are  embedded  detached  groups  of  15-inch  steel  grillage 
beams  that  occupy  more  than  half  the  entire  area.  These  grillages 
are  from  6  to  14  feet  square.  The  smaller  ones  each  support  single 
columns  whose  fan  shaped  expanded  bases  serve  as  cross  girders  to 
transmit  an  equal  part  of  the  entire  load  to  the  center  of  each  beam. 
The  wall  columns  take  bearing  across  the  extreme  ends  of  these  grill- 
ages, which  are  symmetrically  loaded  by  an  interior  column  at  or  near 
the  other  end  so  as  to  produce  a  resultant  through  the  geometrical 
center  of  the  platTorm.  At  one  corner  the  three  wall  columns  are  com- 
bined with  one  interior  column  and  arranged  wMth  a  distributing  girder 
and  a  set  of  reaction  beams  so  as  to  balance  the  loads  on  the  grillage 
without  obstructing  the  cellar  space  materially. 

When  conditions  require  it,  pits  may  be  dug  with  sheet  piling  or 
coffer  dams,  and  the  excavation  carried  down  to  a  stratum  sufficiently 
solid  to  sustain  the  footing  from  which  masonry  piers  can  be  built  to 
the  cellar  floor  and  there  receive  the  column  ba.ses  on  beam  platforms 
that  distribute  their  loads  over  the  top  surfaces. 

Where  the  bearing  power  of  the  soil  is  insufficient,  piles  may  often 
be  driven  in  it  and,  penetrating  to  hard  strata  below,  transmit  to  it  the 
foundation  loads,  thus  acting  directly  as  columns.  Or,  if  the  rock  is 
too  deep,  the  piles  may,  without  touching  hard  bottom,  develop  suf- 
ficient skin  friction  to  carry  the  load  safely.  Foundation  piles  are 
generally  driven  in  separate  groups  with  concrete  two  or  three  feet 
deep  filled  in  the  interstices  between  their  heads.  They  are  cut  off  be- 
low ground  water  level  and  capped  with  grillages  of  steel  beams  also 
bedded  in  concrete. 

When  the  center  of  a  column  falls  near  or  beyond  the  outside  of  a 
pier,  a  girder  may  be  supported  on  the  center  of  a  pier  and  overhang 
both  sides  of  its  bearing  so  as  to  carry  the  eccentric  column  at  one  end 
and  have  the  reaction  at  the  other  end  taken  up  by  another  column  or 
columns.  Such  girders  are  called  cantilevers  and  usually  have  both 
ends  supported  so  as  to  be  in  equilibrium  no  matter  what  the  mo- 
ments of  the  column  loads  are.  They  are  essentially  cantilevers  even 
when  the  bottom  supports  are  extended  so  much  as  to  make  the 
reactions  virtually  di.stributed  loads,  so  long  as  the  pier  is  not  continuous 
for  the  whole  length  of  the  girder. 

The  wall  columns  of  the  Exchange  Court  Building,  New  York,  are 
carried  on  centilever  lattice  girders  with  reinforced  end  webs  that  have 
pin  connections  to  heavy  pedestals  seated  on  the  piers.  Under  each 
pier  are  from  16  to  40  12-inch  piles  that  are  loaded  with  about  17  tons 
each,  and  were  driven  about  20  feet  through  sand  to  hard  pan,  and  to  a 
refusal  of  j/2  inch  under  a  2,000-pound  hammer  falling  25  feet.  Some 


io6       Association  of  Civil  Engineers  of  Cornell  University . 


of  the  piers  were  built  in  pits  sunk  with  sheet  pile  protection  to  a  depth 

of  about  40  feet  below  grade,  or  10  feet  below  ground  water  level. 

In  the  American  vSurety  Building,  New  York,  some  of  the  pneumatic 
caissons  are  surmounted  b}-  two  se])arate  brick  piers  with  a  cantilever 
that  has  its  main  bearing  on  one  of  them  and  a  second  bearing  on  the 
other,  but  that  overhangs  so  tar  that  it  was  decided  to  give  it  additional 
security  by  anchoring  it  through  the  second  bearing  to  a  system  of  steel 
beams  built  into  tlie  l)Ottotns  of  the  pier,  on  the  deck  of  the  caisson. 

A  remarkable  system  of  compound  cantilever  girders  was  adopted  for 
the  Gillender  Building,  New  York,  which  is  notable  for  its  unusual  pro- 
portions, or  disproportions,  of  about  22  feet  breadth  by  74  feet  length 
by  an  extreme  heiglit  of  310  feet.  The  entire  superstructure  is  sup- 
ported on  three  wooden  pneumatic  caissons,  each  about  12  x  24  feet  and 
26  feet  high,  inclusive  of  the  cofft-r  dam.  The  caissons  were  sunk  over 
42  feet  to  penetrate  a  hard  pan  stratum,  upon  which  they  impose  an 
estimated  maximum  load  of  about  9,000  tons,  distributed  over  about 
three-fifths  of  the  total  area  of  the  site. 

The  masonr}'  piers  are  levelled  off  with  concrete  and  on  each  one  are 
set  two  grillage  platforms.  Across  the  ends  of  the  grillage  beams  are 
set  heavy  cantilever  girders,  each  of  which  overhangs  the  center  of  its 
support  5  feet  at  each  end.  Across  each  end  of  this  first  and  lowest 
pier  of  cantilevers  is  another  cantilever  that  overhangs  the  center  of  its 
support  about  3 /eet  at  each  end.  On  these  upper  cantilevers  are  set 
one  of  the  three  groups  of  four  columns,  at  the  corners  of  a  rectangle 
about  14  x  26  feet. 

The  base,  measured  between  centers  of  grillage  bearings,  is  about 
10x15  feet.  After  the  lower  sections  of  the  columns  were  set  their 
bases  and  all  the  metal  work  below  were  bedded  in  a  solid  mass  of  con- 
crete. 

In  the  American  Tract  Societ}^  Building,  New  York,  wall  columns 
are  carried  excentrically  from  their  piers,  and  the  latter  are  symmetric- 
ally loaded  by  means  of  cantilever  trusses  arranged  in  pairs,  so  that 
wdiile  the  wall  column  is  seated  on  top  of  them  one  or  more  interior 
columns  pass  between  them  to  separate  piers  of  their  own,  which  sustain 
any  excess  of  weight  not  needed  to  counterbalance  the  wall  column. 
The  interior  columns  have  reaction  bearings  riveted  to  their  sides  cross- 
ing the  tops  of  the  cantilevers,  w^here  they  take  bearing  for  any  upward 
thrust. 

The  Park  Row  Building,  N.  Y.,  is  the  tallest  in  the  w^orld,  being 
390.75  feet  high  above  the  pavement  or  424.5  feet  from  bottom  of  piers 
to  top  of  dome.  Some  of  its  columns  are  loaded  to  a  maximum  of 
3,000,000  pounds  each.    The  most  of  the  interior  columns  have  sepa- 
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Tate  piers,  and  most  of  the  side  wall  columns  are  each  balanced  by  a 
single  interior  column  at  the  opposite  end  of  a  multiple  webbed  plate 
girder  that  distributes  the  total  load  upon  platforms  of  beams  on  top  of 
the  masonr}'  piers.  All  the  piers  have  12  inch  concrete  footings,  that 
cap  the  top  of  short  piles  driven  in  the  deep  dense  fine  sand,  and  cal- 
culated to  receive  a  load  of  about  32,000  pounds  each.  The  outlines 
of  the  building  are  ver}^  irregular  and  in  two  places  a  pair  of  wall 
columns  were  made  to  balance  each  other  at  the  ends  of  a  double  can- 
tilev^er  girder  which  was  in  turn  supported  upon  a  distributing  girder 
that  it  overhung  on  both  sides 

Where  surface  or  pile  foundations  are  inadequate  or  unsatisfactorj^ 
very  heavy  loads  may  be  carried  to  rock  or  hardpan  by  the  caisson  pro^ 
cess  when  the  soil  is  so  wet  or  treacherous  that  open  excavation  is  im- 
possible. 

Pneumatic  Caissons  can  always  be  used  up  to  a  depth  of  100  feet  but 
they  are  comparatively  slow  and  costly.  Hydraulic  Caissons  can  onl}^ 
be  used  to  advantage  in  fine  loose  soil  free  from  boulders  and  obstruc- 
tions and  may  sometimes  endanger  adjacent  buildings  by  causing  the 
quicksand  to  flow  out  from  under  their  foundations  and  undermine  them. 
The  principle  examples  of  Pneumatic  Caisson  foundations  are  the 
Manhattan,  tlie  Surety,  the  Commercial  Cable,  the  Empire,  the  Wash- 
ington Standard  and  the  Gillender  Building  in  New  York.  Wooden 
caissons  were  used  for  the  latter,  steel  ones  for  the  others. 

The  Johnson  and  the  Me3'er-Jonassen  Buildings  in  New  York  are 
built  with  foundations  carried  down  40  or  50  feet  through  quicksand  by 
Hydraulic  Caissons 

The  pneumatic  caissons  themselves  though  primarily  designed  for 
constructional  purposes,  eventually  become  a  part  of  the  permanent 
sub>tructure.  They  simply  consist  of  a  thin  plate  shell  stiffened  with 
interior  braces  and  very  heavy  deck  beams  They  have  a  reinforced 
cutting  edge  and  usually  have  a  working  chamber  about  7  feet  high. 
Excepting  the  shape  which  is  rectangular,  circular  or  rounded  in  plan, 
and  some  minor  differences  in  details  those  above  mentioned  were  all 
of  similar  construction. 

In  New  York  the  tall  buildings  have  two  or  three  stories  below  the 
level  of  the  street  and  the  excavations  are  .sometimes  40  feet  deep  and 
12  or  15  feet  below  permanent  ground  water  level  in  a  wet  sandy  soil. 
Special  provision  is  made  to  resist  exterior  hydrostatic  pressure  and  to 
prevent  leakage.  In  the  Commercial  Cable  building  the  concrete  walls 
51  inches  thick  were  reinforced  by  steel  riveted  trusses  in  horizontal 
planes  embedded  in  the  solid  masonry  and  reaching  from  end  of  side 
wall  to  end  of  side  wall.     The  concrete  floor,  44  feet  below  street  level 
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and  4  feet  thick,  was  similarily  reinforced  against  possible  upward 
pressure  by  horizontal  steel  girders  embedded  in  it  and  secured  to  the 
foundation  piers.  The  inside  of  the  wall  was  lined  with  ^  inch  steel 
plates  and  a  multiple  layer  of  felt  laid  in  hot  tar  vvas  brought  down  be- 
tween the  concrete  wall  and  an  outer  brick  facing  and  carried  continu- 
ously across  the  bottom  in  the  center  of  the  concrete. 

In  the  Queen's  building,  New  York,  the  deep  cellar  has  a  floor  con- 
sisting of  a  monolithic  mass  of  concrete  56  inches  thick  enclosing  a 
thick  sheet  of  asphalt  water  proofing.  The  lower  seclion  of  the  con- 
crete surrounds  the  heads  of  the  groups  of  foundation  piles,  and  in  the 
upper  section  are  bedded  the  sets  of  grillage  beams  tliat  receiv^e  their 
column  loads  through  enormous  distributing  girders  that  are  parti}' 
bedded  in  the  concrete. 
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THE  GREAT  HYDRAULIC  LABORATORY  AT  CORNELL. 


BY  HARLEY  S-   GIBBS,  '98. 

Though  no  official  report  upon  the  construction  of  this  laboratory 
has  yet  been  made  public  by  the  engineers,  sufficient  data  has  been 
obtained  to  give  the  reader  a  general  outline  of  the  important  features 
of  its  construction,  its  purposes,  and  some  of  the  objects  which  its  pro- 
moters b}'  its  means  hope  to  accomplish.  A  large  part  of  what  is  found 
in  the  following  pages  was  taken  directly  from  a  statement  made  by 
Prof.  E.  A.  Fuertes  before  the  American  Society  of  Civil  Engineers  at 
their  Annual  Convention  in  June,  1897. 

Besides  the  hydraulic  laboratory  itself  and  all  that  appertains  to  it, 
there  are  two  other  important  features  in  connection  with  this  work  ; 
namely,  the  water  supply  of  Cornell  University,  and  the  supply  of 
water  power  to  the  turbines  and  power  plant  located  some  distance  below 
the  laboratory,  from  which  the  University  will  obtain  under  better  condi- 
tions than  at  present  its  light,  and  motive  power. 

The  location  of  the  laboratory  is  a  most  fortunate  one  ;  indeed  it  is 
estimated  that  if  its  natural  conditions  were  not  so  favorable,  $3,000,000 
could  not  pr(3vide  the  resources  that  nature  offers  almost  without  price, 
resources  which  are  indeed  priceless.  The  laboratory  is  situated  mainly 
on  the  soutli  bank  of  Fall  Creek  in  the  vicinity  of  Triphammer  Falls 
where  the  banks  are  ])recipitous.  A  view  of  the  site  before  work  began 
may  be  seen  on  Plate  I.  This  stream  has  a  minimum  deliver}^  of  12  cu. 
ft.  per  second  and  a  maximum  deliver}^  of  nearly  5,000  cu.  ft.  per  second, 
and  from  2,000  to  3,000  cu.  ft.  per  second  can  be  relied  on  during  the 
best  seasons  for  work. 

A  dam  across  the  stream  has  been  built  to  store  from  50,000,000  to 
70,000,000  gallons  of  water. 

The  old  Beebe  dam,  now  dispen.sed  with,  which  had  for  some  time 
existed  nt  this  point,  was  used  for  storing  water  to  be  pumped  into  the 
University  reservoir  for  the  supply  of  the  campus.  The  new  dam  is 
built  [5  feet  below  the  old  one  and  rises  10  feet  above  it,  causing  the 
water  to  spread  out  behind  it  into  a  lake  covering  an  area  of  23  acres, 
which  is  supplied  by  a  watershed  embracing  117  sq.  miles. 

The  construction  of  this  dam  is  shown  in  Plates  II  and  IIL  Though 
built  in  the  form  of  an  arc  of  a  circle,  it  acts  as  a  gravity  dam  and  not 
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as  an  arch.  It  is  built  entirely  of  concrete  and  together  with  the  canal 
walls  and  *;atehouses  on  the  south  end  forms  practically  a  monolith.  It 
is  30  ft.  high  at  the  deepest  section  and  is  anchored  .securely  into  the 
bed  rock  of  tlie  stream  and  the  ledge  on  the  north  side. 

The  excavations  in  the  bed  rock  and  the  ledge,  together  with  the  old 
dam  are  shown,  in  Plate  II,  while  the  methods  of  laying  the  concrete 
on  the  moulds  is  shown  in  III.  The  steps  shown  on  the  downstream 
face  are  designed  to  break  the  force  of  the  water  during  heavy  floods 
and  so  prevent  undermining  of  the  foundations.  As  an  additional 
measure  of  safety,  the  narrow  space  between  the  former  Beebe  dam, 
which  is  left  standing,  and  the  new  dam,  is  rannned  with  puddled  clay. 

The  rock  promontory  north  of  the  dam  has  been  stripped  of  trees  and 
soil  down  to  the  rock  ledge  and  levelled  one  foot  below  the  upper  sur- 
face of  the  dam.  This  area  forms  the  spillway,  and,  during  the  major 
portion  of  the  year,  will  carry  the  natural  flow  of  the  stream  in  a  thin 
widespreading  sheet  covering  its  entire  area  and  discharging  into  the 
narrow  defile  below  the  dam  and  above  the  fall.  The  slope  on  the  north 
end  of  the  spillway  has  been  paved  to  protect  the  banks  from  floods, 
which  may  rise  to  depths  exceeding  four  feet  over  this  area  and  three 
feet  over  the  crest  of  the  dam.  Provision  has  been  made  in  construction 
for  increasing  the  storage  capacity,  by  adding  flash  boards  over  the  dam 
and  spillway. 

At  the  south  of  this  dam,  a  canal  blasted  out  of  the  rock  is  provided 
with  gates,  and  extends  some  500  feet  along  the  bank  of  the  stream. 
It  is  16  feet  wide  and  able  to  carry  a  depth  of  10  feet  of  water,  which 
can  be  delivered  into  it  under  20  feet  of  head.  This  is  constructed  of 
concrete,  i)acked  with  asphaltic  water-proofing  to  insure  against  leak- 
age, and  there  is  an  undercliannel  for  the  thorough  subdrainage  of  the 
surrounding  rock  strata.  Between  the  canal  and  dam  is  a  concrete  wall 
which  extends  up  stream  and  separates  the  water  in  the  reservoir  from 
the  canal.  This  is  shown  in  Plate  IV  in  course  of  construction,  and 
later  in  Plate  V,  which  also  shows  the  canal  nearly  completed.  Within 
this  wall  is  a  tunnel  (see  Plate  IV)  to  carry  the  water  received  from  the 
wier  upon  a  movable  cradle  discharging  into  it  until  the  conditions  of 
flow  over  the  wier  have  become  uniform,  when  the  cradle  is  taken  away 
and  the  discharge  takes  place  within  the  prism  of  the  canal.  A  very 
light  and  artistic  concrete  footway,  not  shown,  .spans  the  canal  from  the 
south  bank  to  the  gate  house  on  a  level  with  the  top  of  this  wall. 

Behind  the  entrance  gates  of  the  canal,  baffle  boards  and  other  con- 
trivances control  desirable  conditions  for  the  entrance  of  the  water  inta 
the  canal.  The  wier  with  which  the  canal  is  provided  can  be  cali- 
brated and  replaced  under  identical  conditions,  u.sing  the  water-tight 
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canal  to  measure  the  volumes  delivered.  Within  the  walls,  special  con- 
trivances to  be  read  by  filar  micrometers  are  placed  at  short  intervals 
from  each  other  to  give  the  height  of  the  water  along  the  canal  with 
great  accuracy.  The  canal  can  be  emptied  at  pleasure,  either  in  the 
shape  of  a  waterfall  about  80  feet  high  or  into  a  steel  pipe  72  inches  in 
diameter  and  over  70  feet  in  height,  which  pierces  vertically  under  it, 
the  roof  of  a  building  24  feet  by  50  feet,  in  which  can  be  conducted 
many  experiments  better  performed  under  shelter.  The  elbow  connect- 
ing this  vertical  standpipe  with  the  branch  from  the  canal  is  shown  in 
Plate  VI,  while  Plate  VII  shows  the  pipe  in  position  and  the  site  of  the 
laboratory  building  at  its  base  and  under  the  cliff.  By  the  side  of  the 
canal  and  parallel  to  it,  a  steel  pipe  3  feet  in  diameter  can  deliver  its 
water  at  will  either  into  the  6  foot  steel  pipe,  the  canal,  or  directly  into 
another  building,  to  supply  water  pumps  and  dynamos  for  lighting  and 
water  supply  purpo.ses,  under  80  feet  of  head.  The  end  of  this  3-foot 
pipe,  with  its  branch  to  the  canal  and  standpipe,  are  shown  in  Plate 
VII.  This  is  the  pipe  which  runs  from  the  gatehouse  at  the  south  end 
of  the  dam,  and  which  is  to  be  continued  on  down  stream  from  the  end 
shown.  Under  normal  conditions  of  usages  the  suppl}^  to  the  stand- 
pipe  will  be  drawn  entirely  from  the  3-foot  pipe. 

Halfway  down  the  6-foot  steel  pipe,  a  turret  like  structure,  makes 
convenient  the  conducting  of  experiments  to  determine  coefficients  of 
efflux  in  thin  plates,  all  forms  of  orifices,  tubes,  nozzles,  valves,  cocks, 
etc..  up  to  4  inches  in  diameter,  and  under  different,  constant  and 
variable  heads.  In  the  building  below,  on  the  floor  of  which  the  stand- 
pipe  rests,  special  castings  and  reducers  can  be  attached  to  the  steel 
pipe,  capable  of  taking  pipes  and  valves  from  6  inches  to  4  feet  in 
diameter.  Along  the  bottom  of  the  creek  there  is  room  for  experiment- 
ing upon  the.se  larger  pipes  for  straight  lengths  up  to  2,000  feet,  and 
upon  indefinite  lengths  beyond  this  distance,  with  both  vertical  and 
horizontal  curves.  A  number  of  Venturi  meters,  which  do  not  use 
electric  counters,  are  provided  for  experiments  of  this  nature.  Provis- 
ion is  made  for  connecting  the  large  standpipe  directly  with  the  Uni- 
versity reservoir  on  the  campus,  thus  giving  a  total  head  of  200  feet  for 
special  experiments. 

Upon  the  walls  of  the  canal  itself,  two  rails  support  a  truck  provided 
with  a  small  dynamo  that  can  be  adjusted  to  run  the  truck  at  suitable 
velocities.  A  chronograph  marking  .seconds  is  made  to  register  auto- 
matically the  travel  of  the  truck  at  every  ten  feet  of  its  run  and,  there- 
fore, its  position  and  velocity  can  be  determined  with  any  desirable  de- 
gree of  accuracy.  The  water  of  the  canal  can  be  so  regulated  as  to  be 
either  perfectly  quiescent,  or  its  velocity  can  be  controlled  by  the 
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amounts  allowed  to  enter  tlie  upper  wiers  of  the  canal  and  the  relative 
positions  of  the  down-stream  wiers.  The  height  and  the  conditions  of 
the  position  of  all  the  wiers  can  be  regulated  with  the  greatest  nicety. 

It  might  be  said  here  that  the  natural  beauty  of  the  gorge  in  the 
vicinity  of  Triphammer  Falls  is  to  be  restored  so  far  as  possible  at  the 
completio'.i  of  the  work — the  new  structures  being  designed  to  harmonize 
with  their  surroundings. 

While  it  would  be  impossible  at  present  to  detail  all  the  experiments 
that  experience  with  this  laboratory  may  develop,  the  following 
programme  is  being  planned  : 

1.  Studies  upon  the  dragging  and  susi)ending  power  of  water  at  vari- 
ous stages  of  its  saturation  with  sediment. 

2.  The  effect  of  transverse,  longitudinal,  and  snbnierged  dams,  un- 
der standard  conditions,  which  may  be  modified  at  will  by  disturbing 
influences  covering  any  variety  of  complications. 

3.  The  determination  of  corrections  to  be  made  in  the  beds  of 
streams  to  give  them  the  most  stable  longitudinal  profile. 

4.  Studies  upon  the  conditions  of  such  rivers  as  build  their  minor 
beds  above  their  major  beds.  Major  Leach's  recent  paper  upon  "  What 
the  Mississippi  is,  and  what  it  needs,"  offers  numerous  suggestions  of 
the  usefulness  of  this  laboratory. 

5.  Stud}'  of  littoral  cordon  formation,  and  of  channels,  bars,  and 
deltas,  and  of  the  disposition  of  sediment  from  rivers  entering  into 
quiescent  water,  and  against  high  tides. 

6.  Study  of  the  conditions  affecting  the  length  of  tangents  and  de- 
gree of  curvature  in  natural  and  constrained  water  courses,  looking  to 
secure  permanence  of  channels  and  depths  of  water. 

7.  Studies  uj^on  the  delivery  and  conditions  of  the  water-shed  of 
the  stream  and  its  tributaries  which  feed  the  canal,  in  reference  to  the 
amount  and  kinds  of  suspended  matter  by  floods,  the  inter-relations  of 
the  deliveries  of  the  tributary  floods,  and  such  studies  as  may  prove 
useful  for  determining  the  co-eflicients  of  flood  volume,  lengths  of  dams 
and  spillways,  and  heights  of  floods  over  them,  so  as  to  perfect  the 
formulas  for  the  deliveries  of  water-sheds,  if  this  be  possible.  The 
water  shed  of  this  canal,  covering  117  square  miles,  will  be  most  care- 
fully surveyed  topographically  and  geologicall3^ 

8.  With  this  canal,  experiments  can  also  be  made  upon  the  rating  of 
current  meters,  and  general  studies  upon  the  motion  of  water  in  open 
channels,  in  pipes,  and  over  wiers,  under  variable  conditions  of  velocity, 
materials  of  the  bed,  conditions  of  surface,  contractions,  and  heads. 

9.  The  determination  of  the  resistance  to  the  motion  of  boats  in 
canals  in  reference  to  their  respective  cross-sections,  effect  of  waves,  etc. 
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10.  Experiments  on  water-jets,  forms  of  water-wheel  buckets,  ratios 
of  areas  and  forms  of  propellers,  including  water  jet  propulsion  ;  which 
subjects,  by  themselves,  will  give  rise  to  a  large  number  of  investiga- 
tions. 

11.  Experiments  on  the  construction  and  efiicienc}^  of  water  and 
other  motors,  including  water  meters. 

12.  Effects  of  form  and  condition  of  the  surface  of  the  vessels  upon 
their  speed  and  motive  power  required. 

13.  The  uses  of  this  laboratory  are  not  restricted  simply  to  questions 
strictl}^  classified  as  of  hydraulic  importance.  For  example,  on  the 
sanitary  side,  the  relations  that  should  exist  between  the  grade  of  a 
sewer,  its  size,  and  the  volume  of  flush  water  required  to  produce  a 
given  effect,  are  almost  entirely  unknown. 

The  work  of  S.  H.  iVdams  just  published,  does  not  supply  the  needs 
of  sewer  designers  with  needed  generalit3\  The  equipment  of  this 
laboratory  can  settle  the  conditions  required  to  determine  how  far  down 
grade  a  definite  volume  of  flush  will  be  effective,  under  the  varying 
conditions  of  this  problem. 

14.  The  engineer  who  is  to  supply  drinking  water  to  cities  and  makes 
it  more  or  less  stagnant  behind  huge  dams  and  impounding  and  dis- 
tributing reservoirs,  has  had,  hitherto,  no  definite  knowledge  of  the 
best  methods  for  fostering  and  preserving  a  standard  of  purity  in  his 
water  supplies.  Since  impure  water  is  the  cause  of  innumerable 
deaths,  the  opportunity  that  the  laboratory  offers  for  many  important 
studies  will  be  easily  appreciated. 

15.  This  very  much  enlarged  laboratory  can  now  continue,  under 
the  best  auspices,  investigations  under  way  for  some  time  past  based 
upon  the  universal  theory  that  all  living  beings  derive  their  sustenance, 
at  least  in  part,  from  other  living  beings  ;  and  that  certain  conditions 
of  temperature,  light,  and  plant  life,  either  arrest  or  foster  their  growth. 
An  effort  is  being  made  to  find  out  how  to  populate  our  drinking  water 
with  forms  of  life,  capable  of  destroying  dangerous  organisms,  and 
yet  strong  enough  in  their  struggle  for  life  to  survive  in  sufficient  num- 
bers for  this  beneficial  purpose  under  protective  conditions,  as  yet 
difficult  to  control.  The  hydraulic  laboratory  lends  itself  admirably 
to  studies  of  this  nature. 

From  the  preceding  description  of  the  numerous  facilities  of  this 
laboratory,  it  may  be  readily  seen  that  it  is  superior  to  anything  built 
hitherto  in  any  country.  It  will  be  open  to  the  inspection,  and  under 
some  conditions,  u.se,  of  any  engineer  desiring  to  conduct  such  experi- 
ments as  he  may  need  in  the  incidents  of  his  practice,  or  who  may 
make  inquiries  or  furnish  data  upon  experiments  of  importance  that 
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he  may  desire  to  have  made.  The  advantages  for  performing  experi- 
ments and  investigations  upon  such  a  large  scale  as  this  laboratory 
affords,  have  never  before  been  availal)le,  and  it  is  expected  that  light 
will  be  thrown  upon  many  unsolved  problems  of  far  reaching  import- 
ance, hitherto  impossible  of  solution  for  lack  of  the  proper  facilities. 

The  only  object  for  which  this  laboratory  has  been  created  is,  "To 
Foster  the  Progress  of  Hydraulic  Science."  Its  construction  is  now 
nearly  complete. 


Pi.ATK  I. — Triphammer  Falls  ;  Reebe  Dam  ;  Pump  House. 
vSite  of  Hydraulic  I^aboratory.    Looking  East, 


Plate  IV.— View  of  Right  Retaining  Wall  of  Canal,  vSliovving  Waste  Weir 
Tunnel  below  Head  Bay. 


DESCRIPTION  OF  A  TOPOGRx^PHICAL  SURVEY  OF  A  FOUR- 
THOUSAND-ACRE  TRACT. 


EDWIN  DURYEA,  JR.,  C.  E 

In  Jan^ar3^  1891,  the  author  was  engaged  to  make  a  c\Treful  topo- 
graphical and  boundary  surve}^  of  a  tract  of  about  4,000  acres  at 
Tolleston,  Lake  County,  Indiana,  on  the  extreme  soutliern  sliore  of 
Lake  Michigan.  This  land  had  just  been  acquired  by  Armour,  Swift 
&  Morris,  the  Chicago  meat-packers,  with  the  intention — should  they 
be  unable  to  come  to  an  agreement  with  the  Union  Stock  Yard  Com- 
pan}',  of  Chicago,  in  a  dispute  about  charges  then  pending — of  trans- 
ferring their  immense  packing-house  industries  thither. 

The  establishment  of  an  industrial  town  was  contemplated,  to  com- 
prise, besides  packing-houses,  stock-yards,  and  homes  for  all  employees, 
such  features  as  a  land-locked  harbor  connected  by  a  short  canal  with 
the  lake,  a  large  dock-frontage  on  same,  extensive  railroad  terminals, 
and  miscellaneous  manufactories,  such  as  tanneries,  furniture  fac- 
tories, etc. 

The  owners  engaged  the  firm  of  Washburn,  Shaler  &  Washburn, 
Civil  Engineers  and  Contractors,  to  make  the  survey,  and  the  work  was 
done  for  the  firm  under  the  direction  of  the  author. 

It  was  apparent  that,  in  viev/  of  the  varying  uses  for  which  the  tract 
was  intended,  and  to  so  dispose  and  arrange  the  many  industries  as  to 
prevent  interference  and  to  make  the  design  a  harmonious  wdiole,  very 
accurate  and  detailed  maps  would  be  necessary.  It  was  also  evident 
that  such  maps  would  be  of  great  use,  not  only  in  locating  but  also  in 
designing  all  improvements,  and  especially  in  giving  data,  without 
additional  surveys,  for  accurate  preliminary  estimates  of  cost. 

The  tract  to  be  surveyed  and  mapped  was  composed  of  eight  fractional 
sections,  with  a  total  area  of  3944  17  acres.  It  had  a  frontage  of  four 
miles  on  Lake  Michigan  and  a  depth  back  from  lake — except  for  the 
west  mile,  only  one  mile  deep — of  about  two  miles.  It  was  traversed 
from  ea.st  to  west  by  the  Grand  Calumet  River  and  by  the  main  lines  of 
the  Baltimore  &  Ohio  Railroad  and  of  the  Lake  Shore  &  Michigan 
vSouthern  Railroad  ;  and  the  main  lines  of  the  Michigan  Central  Rail- 
road and  of  the  Pittsburg,  Fort  Wayne  &  Chicago  Railroad— the 
Pennsylvania  System — passed  within  a  few  hundred  feet  of  its  southern 
boundary 
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The  soil,  except  the  muck  in  river-valley  aiul  sloughs,  is  a  pure,  fine 
lake  sand,  its  surface  formation  being  in  general  that  of  successive  ridges 
parallel  to  lake  shore  and  to  river  ; — in  many  places,  however,  these  ridg- 
es were  so  bn^ken — apparently  1)y  wind — that  the  general  formation  was 
hardly  ])erceptible.  The  extreme  east  of  tract  north  of  river  and  a  narrow 
belt  along  lake  beach  were  covered  with  jack-pines  and  some  small  juni- 
pers ;  and  all  the  remainder  of  tract — except  the  river  valley  and  lake 
beach,  which  were  bare  of  trees — by  second-growth  red-oak  scrub  with 
occasional  older  trees  and  a  very  few  scattered  pines.  The  thickness  of 
the  growth  varied  consideral)ly,  but  might  in  general  be  called  medium  ; 
in  no  place,  even  for  short  distances  or  in  winter,  could  lines  be  run  with 
transit  or  level  without  considerable  chopi)ing.  The  timber  was  of  little 
or  no  value  excej)t  for  firewood,  but  seemed  to  protect  the  land, 
otherwise  nearly  bare  of  vegetation,  from  the  action  of  winds. 

The  only  other  natural  features  were  :  the  presence  in  Sections  2  and 
32  of  numerous  long,  narrow,  and  deej)  marshy  sloughs  parallel  to  the 
river  between  the  ridges  ;  a  small  and  tortuous  stream  flowing  into  the 
river  from  the  south  ;  and  the  extremely  i)roken  character  of  the  sur- 
face, which  might  be  said  to  be  composed  of  chains  of  ridge-like 
mounds  having  about  the  same  general  elevation,  with  a  height  above 
valleys  of  say  from  10  to  25  feet.  The  whole  tract  — leaving  out  river- 
valley — would  probably  grade  level  to  an  elevation  of  al)out  ry  feet 
above  lake-level,  while  the  extreme  elevation — on  one  mound  only, 
in  north-east  portion,  with  no  other  elevation  nearly  so  high— was  78 
ft.  above  lake-level. 

The  tract  was  almost  entirely  destitute  of  improvements  ;  the  only 
exceptions  being  the  two  R.  R's  with  their  right-of  way  fences,  a 
small  shanty  used  as  a  B.  &  O.  R.  R.  telegraph  office,  a  grou})  of 
several  rough  buildings  near  the  lake  shore  used  by  a  hunting  club, 
and  one  small  and  almost  valueless  squatter's  shanty  near  the  river. 
A  day  spent  in  examining  the  tract  gave  the  following  conclusions  : 
ist.  That  the  maps,  to  be  of  any  value  at  all  for  the  purpo.se  in 
view,  must  be  in  great  detail.  For  while  with  a  country  having  well- 
defined  features  and  regular  slopes  and  contours,  a  map  giving  the 
salient  points  onl}^  ma}^  be  of  great  value,  which  value  can  be  increa.sed 
in  direct  proportion  to  the  time  spent  in  acquiring  additional  details  ; 
in  the  case  of  the  tract  in  question,  with  no  well-defined  lines  of  struc- 
ture, and  for  the  uses  intended — city  improvements  such  as  .sewers, 
grading  streets,  etc.,  in  addition  to  the  R,  R.  and  manufacturing  fea- 
tures— no  maps  except  such  as  gave  minute  topography  would  be  of 
any  use  or  other  than  misleading. 

2nd.    That  because  of  the  wooded  character  of  che  land  and  its 
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general  sameness  of  elevation,  no  nse  could  be  made  of  such  quick 
methods  of  surveying  as  triangulation,  the  stadia,  or  the  plane  table  — 
but  that  all  lines  must  be  run  out  with  transit  and  chain. 

3rd.  That  this  transit-work  could  be  done  much  quicker  and  cheaper 
in  winter  than  in  summer,  both  because  of  the  comparative  absence  of 
leaves  and  because  of  the  ice  on  river,  sloughs,  and  marshes. 

The  essential  points  it  was  decided  to  embrace  in  surveys  and  to  em- 
body in  the  maps  were  as  follows  : 

ist.  Contour-lines  5  feet  apart  over  whole  tract,  with  elevations  of 
crests  and  hollows  in  addition. 

2nd.  Shore-lines  and  surface-elevations  of  lake,  river,  streams  and 
sloughs. 

3rd.  Depths  of  water  in  river  and  sloughs  and  soundings  to  deter- 
mine depth  and  character  of  hard  l)ottom  wherever  surface  was  soft  and 
unfit  for  foundations  ;  and  a  sample  of  seepage  or  slough  water  from 
each  section  for  analysis. 

4th.  Notes  on  character  and  value  of  the  timber  and  of  any  other 
products. 

5th.  Locations  of  R.  R's  and  of  their  rights-of-way  ;  and  of  all 
buildings  or  other  improvements  of  any  kind. 

6th.  A  complete  and  accurate  survey  of  all  government  section 
lines,  this  to  include  the  re-establishment  of  all  lost  Government  Sur- 
v^ey-Corners  and  the  monumenting  of  all  corners — the  survey  and  per- 
petuation to  be  made  legal  as  provided  for  in  "Revised  Statutes  of 
Indiana,  1881." 

7th.  The  establishment  of  accurate  bench  marks  on  all  Corner- 
monuments  and  at  many  other  convenient  points;  and  the  perpetuation 
for  future  use  of  many  of  the  transit-points  accurately  located  during 
the  survey. 

All  the  information  obtained  was  to  be  embodied  in  the  following 
maps  :  ist.  a  set  of  8  contour  maps  on  scale  of  i"  =  ioo',  each  map  to 
be  58"  X  60''  and  to  be  devoted  to  a  single  section  ;  2nd,  a  single  con- 
tour map  of  whole  tract  on  scale  of  i"=40o',  to  be  reduced  from  above 
set  and  to  be  58"X84";  3rd,  a  map  of  whole  tract  showing  legal  sur- 
vey only,  of  same  scale  and  size  as  last  and  showing  government  sec- 
tion lines  as  determined,  with  distances,  bearings,  etc.,  but  no  topo- 
graphy ;  and  4th,  a  map  for  filing  in  county  surveyor's  Office,  very 
similar  to  last  but  on  scale  of  i"=8oo'  and  containing  descriptions  of 
each  monument  set  and  of  all  bearing-trees  or  references  for  same. 

The  article  to  this  point  may  be  regarded  as  almost  entirely  a  state- 
ment of  the  problem  to  be  .solved  :  showing  ist,  the  nature  of  tract  to 
be  surveyed  ;  2nd,  the  information  to  be  obtained  by  the  survey  ;  3rd, 
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a  list  of  tlie  inai)S  by  means  of  which  tliis  infoi  iiiatioii  was  lo  be  record- 
ed so  as  to  l)e  available  for  future  use. 

The  remainder  of  the  article  will  be  divided  into  four  parts  : 
ist.    A  Journal  of  the  Field- Work  ;  2nd,  A  Journal  of  the  Mapping; 
3rd,  Methods  used  and  Results  attained  ;  and  4th,  Cost  of  the  Surveys 
and  Ma]:)s. 

As  the  main  object  of  writin,^^  tliis  article  is  to  describe  the  meth- 
ods used  and  their  results,  the  writer  will  devote  most  of  the  >pace  to 
that  heading  ;  and  in  doing  so  will  not  adhere  closely  to  the  lines  of 
this  special  survey,  but  will  include  brief!}'  the  mention  of  other  meth- 
ods, or  the  application  of  these   melliods  to  other  surveys. 

JOURNAL  OF  THE  FIELD-WORK. 

On  January  2n(l,  1S91.  the  writer  visited  the  tract  with  Mr  Frank  vS. 
Washburn,  of  Washl)urn.  Shaler  &  Washburn,  going  over  nearly  all 
pans  of  the  tract  on  foot.  He  then  returned  U)  Chicago,  where  the  time 
until  the  7th  was  spent  in  getting  together  a  surveying  outfit,  arranging 
for  a  party,  and  making  general  i)reparations  for  the  work. 

On  January  8th  he  went  over  the  tract  with  the  county  surveyor  in 
order  to  learn  from  him  the  locations  of  the  government  survey  corners 
and  their  comparative  reliability. 

The  actual  work  of  the  survey  began  on  January  loth,  when  the 
writer  located  at  Tolleston  with  one  mr.n,  a  leveler,  hired  an  ordinary 
laborer  for  a  temporary  rodman,  and  began  the  work  of  trairsferring 
levels  from  a  U.  S.  Engineer's  bench-mark  at  Hammond,  Indiana,  10 
miles  distant. 

Until  January  22nd,  while  waiting  for  the  filling  up  of  the  party,  the 
work  was  confined  lo  running  trial  .section  lines,  testing  the  reliability 
of  the  government  surve}'  corners  as  then  marked,  etc  ;  and  on  the  23rd 
the  topographical  survey  itself  was  begun,  with  the  preparation- of  a 
straight  base-line  three  miles  long  on  the  south  edge  of  the  tract. 

From  last  date  until  February  loth  the  time  was  spent  in  preparing 
and  measuring  9.57  miles  of  base-lines  forming  a  quadrilateral — and 
practically  a  rectangle — around  the  east  three  miles  of  tract ;  in  meand- 
ering the  Grand  Calumet  River  on  the  ice  and  sounding  river  for  depths 
of  w-ater  and  of  hard  bottom  ;  in  completing  connection  with  the  gov- 
ernment bench  mark  at  Hammond  and  with  another  at  Hegawisch, 
three  miles  further  away  ;  in  establishing  bench-marks  at  convenient 
points  in  the  tract  ;  etc.,  etc. 

On  February  loth  the  work  of  collecting  information  for  topography 
and  contours  l^egan.  It  had  been  decided  that  levels  tor  contours  should 
be  taken  on  and  at  right  angles  to  parallel  north  and  south  lines,  spaced 
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from  100  feet  to  300  feet  apart  and  connected  b}^  the  base-lines  ;  and  on 
above  date  the  transit  work  on  these  lines  was  begun.  This  work  was 
continued  till  its  completion  on  March  17th,  two  transit  parties  being 
emplo3'ed  Februar}-  nth  to  March  5th  and  one  the  remainder  of  the 
time. 

On  February  14th  the  work  of  taking  levels  for  contours  was  begun 
with  one  level  party  and  continued  till  its  completion  on  March  28th, 
three  level  parties  being  worked  February  25th  to  March  22nd  and  one 
at  other  times. 

The  sloughs  on  tract — mostly  in  sections  2,  3  and  32 — were  sounded 
for  hard  bottom  and  depth  of  water  March  3-9,  advantage  being  taken 
of  the  ice  ;  and  the  railroads  were  traversed  and  connected  with  the 
east  and  west  bases  March  5-7.  On  the  completion  of  the  transit  lines 
for  contour  levels  on  March  17th,  the  transit  party  began  the  prepara- 
tion of  the  base-lines  on  the  south  and  west  sides  of  section  32 — the 
only  bases  not  already  completed — and  completed  them  March  19th. 

The  legal  or  boundary-line  survey,  dropped  on  January  22nd,  was 
resumed  on  March  19th  and  carried  forward  with  one  transit  party  till 
May  28th  ;  the  field-force  was  then  reduced  to  an  instrument  man  and 
one  axe  man,  and  the  boundary-line  survey  entirely  completed  by  them 
on  June  8th.  Many  miscellaneous  surveys  were  made  by  this  transit 
party  after  March  19th,  including  checking  the  alignment  of  the  bases 
and  perpetuating  them  by  permanent  hubs,  various  lines  run  to  check 
the  accuracy  of  the  chaining  on  the  transit  lines  for  contours,  remeas- 
urements  of  these  lines  to  locate  errors,  etc.,  etc. 

From  completion  of  levels  for  contours  on  March  28th,  a  leveler  and 
one  man  were  employed  almost  constantly  to  May  24th  in  sketching 
shores  of  sloughs,  looking  up  field  errors  in  levels  and  stationing,  dis- 
covered during  the  office-platting,  taking  topography  of  railroads  and 
buildings,  taking  samples  of  water  for  testing,  and  a  multitude  of  small 
miscellaneous  jobs. 

A  true  meridian  was  established  by  observations  on  Polaris  on  the 
nights  of  April  27th  and  30th  : — and  on  June  8th  a  standard  100  feet  was 
laid  off  between  iron  monuments, — as  represented  by  the  tape  on  which 
the  entire  survey  depended,  at  62°  Fahr.,  under  strain  of  12  pounds, 
and  supported  only  at  the  ends  or  100  feet  apart. 

Levels  were  transferred  to  the  iron  monuments  marking  government 
survey  corners  June  8th  to  rSth,  and  the  entire  field-work  of  survey 
completed  on  latter  date. 
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JOURNAL  OF  THE  MAPPING. 

All  lines  and  levels  were  platted  from  field-notes  on  the  loofoot  scale 
maps,  the  contours  deduced  from  them,  and  the  400  foot  scale  map  made 
from  these  maps  b}^  reduction. 

The  mapping  began  March  2nd,  1891,  and  until  April  5th,  consisted 
entirely,  of  platting  field-notes  on  100  foot  scale  maps  ;  one  draftsman 
being  worked  until  March  5th,  and  two  afterward.  The  work  of  de- 
ducing contours  from  the  platted  elevations  began  on  April  6th  with 
the  arrival  of  a  third  draftsman,  and  a  fourth  was  added  on  the  iith. 

On  April  i6th  the  reduction  of  contours  to  400  foot  scale  map  was 
begun,  proportional  dividers  being  used  until  the  22nd,  when  a  panto- 
graph was  was  put  in  use  ;  but  the  draftsman  using  the  pantograph 
leaving  for  other  work  on  the  25th  lowered  the  drafting-force  to  three 
men  and  suspended  the  reduction  for  a  time.  On  May  6th  the  drafting- 
force  was  increased  to  five  men,  and  the  reduction  ])y  pantograph  re- 
sumed and  completed  on  19th. 

The  inking  of  the  countours  on  the  400  foot  scale  map  was  begun  on 
May  gth  and  completed  on  the  20th.  most  of  the  inking  being  done  in 
extra  hours,  betore  7  a.  ni.  and  after  6  p.  m.,  so  as  not  to  delay  the 
reducing. 

On  May  23rd,  after  two  days  spent  in  adding  soundings,  land-lines, 
etc  ,  the  400  foot  scale  map,  with  preliminary  estimates  of  Canal,  Drain- 
age of  sloughs,  etc.,  was  laid  before  the  owners  of  tract  in  Chicago  ;  it 
was  then  returned  to  Tolleston,  and  after  a  few  days  spent  in  adding 
information  in  pencil,  was  turned  over  to  a  skillful  draftsman  in  Chi- 
cago for  the  addition  of  title,  border,  and  topography. 

The  platting  of  all  field-notes — mainly  levels — on  the  100  foot  scale 
maps  having  been  completed  on  May  12th  and  all  contours  being  pen- 
ciled on  14th,  on  the  15th  the  drafting-force  was  reduced  to  three  men. 
On  the  i3tli  the  inking  of  the  contours  was  begun  and  completed  by 
two  men  by  the  i8th  ;  and  the  contours  were  numbered  in  ink  by  one 
man  (with  inttrruptions)  from  the  i8th  to  the  28th. 

The  drafting-force  had  been  reduced  to  two  on  the  20th  and  to  a  sin- 
gle man  on  the  23rd  ;  and  from  May  28th  till  his  discharge  on  June 
4th,  this  draftsman  was  engaged  on  an  800  foot  scale  map  of  legal  sur- 
vey for  filing  in  County  Surveyor's  Office. 

From  June  6th  to  Jul}^  24th  the  eight  100  foot  scale  maps  were  com- 
pleted by  adding  in  ink  selected  elevations  of  crests  and  hollows.  The 
maps  were  at  the  same  time  thoroughly  checked  and  examined  |for 
errors  and  the  errors  corrected  ;  the  writer  during  this  time  spending 
20  days  on  these  maps  and  a  draftsman — previously  an  instrument  man 
on  field  work — 36  days. 
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During  this  same  period  titles  were  put  on  these  maps  by  the  drafts- 
man in  Chicago;  corrections  made  in  the  400  foot  scale  contour-map  to 
correspond  with  those  mentioned  above  ;  a  map  of  the  legal  survey 
made  on  400  foot  scale  ;  and  the  maps  carefull}'  cleaned.  On  July  24th, 
the  maps  were  turned  over  to  Washburn,  Shaler  &  Washburn,  com- 
pleted. 

The  writer  is  aware  that  some  ajwlogy  is  needed  for  presenting  the 
two  journals  in  such  detail.  He  has  done  so  in  the  hope  that— especially 
to  undergraduates  and  the  3'ounger  graduates — the  matter  will  be  worth 
the  three  pages  it  occupies  as  showing  the  natural  sequence  of  the  dif- 
ferent parts  of  the  survey,  the  building  up  and  reduction  of  the  party, 
and  the  effort  at  all  times  to  adapt  the  party  to  the  work  at  hand,  or, 
when  not  practicable  to  do  that,  to  use  the  available  party  on  such  work 
as  would  most  tend  to  hurry  forward  the  survey.  The  journals  should 
also  help  to  show  the  application  of  the  methods  used — which  might  be 
common  to  many  surveys — to  this  special  one. 

Some  general  features  affecting  the  work  require  mention  in  connec- 
tion with  the  journals. 

As  the  mo>t  important,  it  was  al  no  time  during  the  formation  or  in- 
crease of  the  part}^  practicable  to  get  as  many,  or — in  many  cases— such 
quality  men  as  were  wanted.  This  was  largely  due  to  the  sliort  dura- 
tion of  the  positions  offered  ;  — and  was  especially  true  of  the  drafting- 
force,  which  usually  more  nearly  resembled  a  school,  with  the  writer  as 
teacher,  than  an  Engineer's  office. 

In  Tolleston,  a  small  German  village  of  perhaps  200  people,  it  was 
found  very  difficult  to  get  office-room  or  even  hiring-acconnnodations 
for  the  party — which  at  its  maximum,  including  the  drafting-force, 
numbered  nearly  thirty  men.  We  were  almost  forced  to  seek  accom- 
modations at  a  larger  town  about  ten  miles  distant  on  a  railroad,  but 
arrangements  were  finally  made  at  Tolleston,  the  office  being  divided 
between  rooms  securtd  in  two  houses  about  500  feet  apart. 

Lastly,  it  being  practically  impossible  to  get  over  the  tract  with  a 
wagon,  teams  were  used  very  little.  While  doing  transit  and  level 
work  for  contours  in  sections  34  and  35,  the  party  so  employed  were 
boarded,  though  unwillingly,  by  the  hunting  club  on  section  34. 

The  hours  of  work  were  usually  from  7  a.  m.  to  6  p.  m.,  these  being 
the  hours  at  which  the  parties  departed  from  and  arrived  at  Tolleston. 

MKTHODvS  UvSED. 

The  field-work  methods  will  be  described  first  and  will  be  sub- divided 
into  tho.se  used  in  the  topographical  survey  and  those  used  in  the 
boundary  line  or  legal  survey. 
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Topographical  Survey :  -  Under  the  plan  of  survey  adopted  the  first 
step  was  to  surround  the  tract  with  rectangles  formed  of  accurate  base- 
lines, in  locations  shown  by  heavy  dotted  lines  on  map. 

It  being  desired  to  use  a  system  of  rectangular  co-ordinates  both  in 
the  field-work  and  the  mapping,  the  south  base  line  (along  south  line  of 
sections  4,  3  and  2)  was  selected  as  the  axis  or  zero  of  north  co-ordinates, 
and  an  imaginary  line  at  right  angles  to  it  through  the  southwest  cor- 
ner of  section  4  as  the  zero  of  east  and  west  co  ordinates. 

The  bases  were  prepared  as  follows  : — vStakes  2"  to  3"  in  diameter 
were  driven  well  into  the  ground  at  distances  100  feet  apart,  measured 
on  tlie  natural  slope  of  the  .l; round,  the  tops  left  about  a  foot  above 
ground,  and  tack  centers  carefully  set  in  each  stake. 

The  transits  available  for  use  were  not  suitable  for  such  work,  the 
best  being  a  railroad  Gurley  which  had  been  in  use  for  a  long  time  and 
the  others  being  practically  worn  out  for  accurate  work.  The  only 
safe  way  to  use  them  in  running  nccurately  straight  lines  was  to  use 
two  hubs  as  back-sights  as  a  check,  then  set  a  hub  for  next  transit- 
point  by  double  or  reversed  sights,  and  line  in  station-stakes  l)y  run- 
ning toward  this  hub  as  a  fore-sight.  The  stakes  were  '"stationed" 
consecutively  b}^  their  co  ordinate  numbers— tho.se  on  the  south  base, 
three  miles  long,  being  numbered  from  i  E.  (East)  to  159  E.  Inter- 
mediate unnumbered  stakes  were  placed  wherever  the  ground  was 
convex  between  the  stations,  to  keep  the  tape  from  touching  the 
ground  ;  special  care  was  al.so  taken  to  remove  from  between  the  stakes 
all  brush  and  grass  which  could  touch  the  tape. 

The  .seven  ba.se  lines,  of  12.30  miles  total  length,  were  prepared  in 
about  14  day's  work  of  one  transit  party  or  at  the  rate  of  0.88  miles  per 
day  ;  and  the  cost  of  preparation  (see  table  of  cost),  was  $16.90  per 
mile.  The  party  was  composed  of  a  transit-man  and  from  4  to  6  men — 
two  chain-men,  a  back-flag,  and  the  others  axemen  either  clearing  the 
line  or  making  and  driving  stakes. 

The  cost  and  time  were  much  increased  by  the  cold  weather,  the 
sand— especially  on  bases  near  the  lake — being  so  frozen  that  it  was 
very  often  necessary  to  cut  holes  with  axes  in  which  to  set  the  stakes. 

Elevations  were  taken  on  the  tops  of  all  these  stakes  and  gave  cor- 
rections which  reduced  the  inclined  distances  as  measured  b}^  tape  to 
the  horizontal  distances. 

The  tape  measurements  were  made  with  a  100  foot  .steel  band-chain, 
graduated  every  5  feet  and  end  foot  to  loths  of  a  foot  ;  this  is  the  cheap- 
est form  of  steel  tape  and  co.>ts  about  $4  each.  In  measuring,  the  tape 
was  suspended  clear  between  stakes  for  whole  lengths  and  put  under  a 
tenson  of  12  lbs.    The  entire  100  feet  of  tape  was  used  and  a  +  or  — 
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correction,  usnall}"  less  than  an  inch,  was  read  b}'  a  common  rule  to 
^th  of  an  inch  to  obtain  the  exact  distance  between  tacks  ;  all  dis- 
tances were  measured  to  the  north  or  west  edge  of  tacks,  unless  tacks 
were  especialh'  marked  with  a  center  line. 

The  temperature  was  frequenth^  taken  and  all  measurements  after- 
wards reduced  to  -f  62°  Fahr  The  thermometer  used  was  the  most 
common  kind,  costing  only  25  cents  ;  and  the  spring-balance  used  to 
give  a  uniform  tension  to  the  tape  was  the  ordinary  kind  weighing 
to  24  lbs.  and  costing  onl}^  25  cents. 

The  bases  were  measured  b)^  a  party  of  three  men,  one  of  them  cor- 
responding in  rank  to  a  transitman,  and  the  work  was  done  at  the  rate 
■of  out  and  back  over  from  three  to  four  miles  per  day.  But  two  meas- 
urements were  taken,  one  out  and  one  back,  and  no  care  was  used  in 
choosing  the  weather,  it  being  usuall}^  sunny  and  somewhat  wind3^ 

The  accuracy  of  the  results  is  shown  by  the  following  table  : 


Difference  between 

Variation  of  each 

Base. 

Length. 

the  two  corrected 

length  from  their 

lengths. 

mean. 

South 

15,931  feet. 

0.45  feet. 

I  :  71000 

North         .  _         .  .. 

15,880  " 

0.05  " 

I  :  635000 

East 

8,873  " 

0.07  " 

I  :  323000 

West,  _ 

9,827  " 

0.12  " 

I  :  170000 

South  of  Section  32  

5,196  " 

0.16  " 

I  :  65000 

North  of  Section  32  

5,155  " 

0.026  " 

I  :  390000 

West  of  Section  32  

4,055  " 

0.07  " 

I  :  1 16000 

Tlie  comparatively  great  error  of  south  base  was  due  to  the  measure- 
ments for  two  miles  being  made  through  sloughs,  with  the  ice  breaking 
and  the  tape  dragging  in  the  water  ;  and  with  weather  sunny  and  slight 
breeze  — all  the  worst  possible  conditions  as  affecting  temperature  cor- 
rections The  cause  of  the  error  in  the  south  base  of  section  32  has 
been  f(jrgotten,  if  ever  known.  Much  better  results  than  some  of  above 
could  easily  have  been  obtained  as  explained  below,  but  tlie  bases  were 
needed  for  use  at  once  and  the  least  accurate  results  obtained  were,  be- 
sides, fully  as  good  as  needed. 

This  method  of  measuring  l)ase  lines  is  similar  to  that  used  for  base 
lines  for  large  bridges,  though  much  rougher.  The  additional  precau- 
tions in  bridge  work  are  mainly  in  the  choice  of  weather — a  careful 
restriction  of  all  final  measurements  to  cloudy,  quiet  days,  or  to  quiet 
days  after  sunset  : — and  exact  care  is  taken  in  all  ways  with  the  meas- 
urements. In  bridge  triangulations  it  is  more  usual  to  get  the  stakes 
about  99^/2  feet  apart  and  read  the  observed  distance  directly  on  the  tape 
to   thousandths   of  a    foot— the    tapes    used   being    graduated  to 
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hundredths  of  a  foot.  The  tape  is  also  sometimes  supported  at  two 
intermediate  points  by  hooks  or  nails  attached  to  stakes.  In  all  cases, 
whether  for  tlie  most  accurate  bridge  work  or  for  rougher  uses,  such  as 
this  paper  describes,  it  is  necessary  to  make  two  readings  for  each  result 
entered  in  the  field  notes — after  reading  the  tajie  once  with  great  care 
and  a  certain  knowledge  that  the  tension  and  zero  end  of  tape  are  prop- 
erly attended  to  at  the  instant  of  reading,  and  that  the  tape  is  hanging 
perfectly  clear  and  not  twisted,  the  tension  is  removed  and  the  readings 
repeated  until  the  same  result  is  twice  obtained— when  it  and  the 
temi)erature  are  recorded. 

Great  care  must  be  taken  not  to  bring  a  horizont^d  ])ull  on  the 
stakes  ;  —  to  i)revent  tliis,  the  two  men  holding  the  tape  in  tension 
usually  supi)ort  the  pull  on  an  inclined  stick  running  from  the  hand 
holding  the  tape  to  the  ground.  P'our  men  are  needed  for  making  care- 
ful measurements  by  this  method. 

This  method  of  measuring  ba.se  lines  was  taught  to  the  writer  in 
1884,  on  his  first  construction  work,  and  is  gradually  superceding  the 
more  cumbrous  methods  and  apparatus.  It  has  been  adopted  by  the 
Missouri  River  Commission,  and  the  writer  thinks  by  the  Mississippi 
River  Commission.  Its  practical  success  is  probably  due  to  three  facts — 
(i)  that  a  distance  between  two  fixed  points  can  be  measured  much  more 
accurately  than  the  same  distance  can  be  laid  off,  and  with  much  less 
"  personal  equation  "  ;  (2)  that  the  different  measurements  can  be  com- 
pared with  each  other  not  only  as  a  whole,  but  also  station  by  station, 
so  that  any  disagreement  can  be  easily  located  and  checked  ;  and  (3) 
that  the  great  length  of  tape  coiii])ared  to  that  of  any  rod-apparatus 
decreases  the  number  of  operations  and  of  observations  and,  in  conse- 
quence, the  chance  of  error. 

Some  examples  are  given  below  of  the  results  obtained  in  bridge 
triangulations  :  — 
Cairo  Bridge — 

111    base,  3400'  long,  2  corrected  measures  differed  o'.oo5  ;  Ken. 
base,  2400'  long,  2  corrected  measures  differed  0.006.    The  bases 
were  about  a  mile  apart  and  the  computed  length  of  Kentucky  ba.se 
differed  o'.o2  from  measured  length. 
Rulo  Bridge — 

The  Nebraska  base,  about  iioo'  long,  was  measured  three  times  ; — 
two  of  the  corrected  distances  agreed  exactly  to  a  thousandth,  the 
the  third  varied  o'  001.    The  measurement  of  the  Mi.s.souri  base  is 
forgotten,  also  its  agreement  with  computed  length. 
Keithsbiirg  Bridge — 

The  bases  were  a  half  mile  apart  and  the  computed  length  of  Iowa 
base,  2400'  long,  differed  o'.02  from  its  measured  length.  The 
other  data  are  forgotten. 
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New  East  River  Bridge — 

A  line  1391'  long  measured  three  times,  probable  error  of  the  mean 
was  o'.oo34     Two  measures  of  a  Hue  814'  long  differed  ©'  003. 

In  the  examples  giveu,  Rulo  is  the  only  one  where  the  base  was 
located  ou  exceptioually  good  grouud  ; — iu  all  other  cases,  they  were 
located  ou  rough  or  soft  grouud  or  iu  ciowded  city  streets. 

To  conclude  this  digression  on  bridge  triangulatious,  the  writer 
believes  that  with  the  methods  described  the  results  can  without  special 
effort  be  kept  within  the  following  limits  of  error  : — 

Base  lines,  2  measures  to  differ  not  more  than  -5 0 oVtfo  of  length. 
Angles,  each  read  by  3  sets  of  5  repetitious,  to  clo-e  triangles 
within  3"  or  more  often  2": — the  transits  to  be  ordinary  good  20"  in- 
struments and  the  targets  to  be  specially  and  very  carefully  painted  as 
in  sketch  below,  or  similarly  : 


After  measuring  the  bases  around  the  tract,  the  next  thing  in  logical 
order  (though  not  done  next  in  order  of  time)  was  the  measurement  of 
the  angles  which  the}'  made  with  each  other.  There  were  but  8  angles 
in  all,  4  in  main  system  and  4  in  section  32  ; — in  running  these  bases, 
all  angles  except  the  two  closing  angles  (at  northeast  of  section  35  and 
at  northwest  of  section  32)  were  turned  off  as  right  angles  in  the 
ordinary  way  and  by  the  inaccurate  transits  mentioned.  These  angles 
were  all  carefully  measured  afterward  by  repeating,  usually  taking  3 
sets  of  4  repetitions  each,  and  thus  getting  a  comparatively  accurate 
measure  of  each  angle,  even  with  a  poor  transit.  The  final  closing 
errors  of  the  quadrilaterals  were  probably  less  due  to  inaccurate  angular 
measurements  than  to  slight  kinks  in  the  bases,  or  to  theshort  foresights 
in  some  of  the  angular  measurements  ; — some  of  the  foresights  being 
within  one  or  two  hundred  feet  of  the  transit,  because  of  the  roughness 
of  the  ground. 

The  accuracy  attained  by  the  base  systems  is  shown  below  : — 
Main  System: — The  closing  angular  error  was  — o'55^^".  After 
adjusting  angles  so  their  sum  was  360°.  the  co  ordinates  of  the  north- 
east intersection  were  computed  in  two  ways.  The  co-ordinates  obtained 
by  using  the  south  base  and  the  east  base  differed  from  those  obtained 
by  tlie  use  of  the  west  base  and  the  north  base  as  follows  : — 
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Difference  between  2  values  of  north  co-ordinates  =  i'.  19 
2      "       "  east  ' '  ---  o'.03 

The  large  difft^rence  in  the  north  co  ordinates  is  })ro])ably  due  to  an 
error  in  the  anguLar  adjustment  acting  on  the  three  mile  north  base,  or 
to  an  iinfound  kink  in  this  base. 

Section  ^2  Syste^n  : — The  closing  angular  error  was— i'4j"  ; — and  the 
two  sets  of  values  obtained  tor  the  northwest  intersection  varied  by 
o'.iy  in  their  northings  and  by  o'.25  in  their  westing-^ 

Before  the  l)ase  lines  were  all  completed,  the  Grand  Calumet  River 
was  meandered  to  take  advantage  of  the  firm  ice  ; — the  meander  lines 
were  run  in  an  ordinary  way  with  transit  and  tape  and  were  tied  u])  to 
the  west  base,  the  east  base  and  the  west  base  of  stction  32.  Imme- 
diately afterward  the  river  was  sounded  through  the  ice  for  depth  of 
water  and  of  hard  bottc^ni,  the  s()undin<;s  being  located  by  the  meander- 
line  station. 

It  was  realized  before  the  survey  was  l)egun  that  the  largest  item  of  the 
field  Wv^rkofthe  topographical  survey  would  consist  in  the  transit  lines 
which  were  to  be  used  as  a  basis  for  the  contour  levels  ; — and  that  any 
means  tending  to  materially  hasten  this  feature  of  the  work  would  ma- 
terially decrease  both  the  time  and  cost  of  the  survey.  It  was,  therefore, 
decided  to  make  the  work  on  these  transit  lines  as  rough  and  as  rapid  as 
was  considered  prudent,  and  to  confine  all  the  precise  work  to  the  bases 
and  to  other  easterly  and  westerly  lines  intersecting  the  roughly  run  tran- 
its  lines  and  affording  checks  on  the  correctness  of  their  stationing. 

Transit-lines  for  Contour  levels. — A  total  length  of  134  miles  of  these 
lines  was  run,  52.6  miles  south  and  81.4  miles  north  of  river,  all  being 
parallel  north  and  south  lines  Their  main  duty  Was  to  locate  on  the 
maps  the  ground  elevations  to  be  taken  by  the  level  parties  ;  but  they 
also  served  to  determine  the  lake  shore  and  the  edges  of  river-marsh 
and  of  sloughs. 

x\  north  and  south  direction  was  chosen  for  these  lines  because,  the 
general  direction  of  ridges  being  east  and  west,  the  lines  would  thus 
cross  the  contours  more  often  at  right  angles  and  so  give  more  informa- 
tion as  to  the  shape  of  the  ground. 

Thes2  lilies  were  run  by  setting  up  a  traasit  ou  some  station  stake  of 
north  or  south  base,  turning  a  right  angle,  and  running  a  straight  line 
north  or  south  usually  till  it  reached  the  lake  or  the  river  ;  then  by 
means  of  two  right-angles  and  a  measured  off-set  a  parallel  return -line 
was  run,  its  connection  with  the  base  serving  to  check  the  parallelism 
of  the  two  lines  and  to  give  a  comparison  between  their  stationings. 
Checks  on  the  absolute  error  of  stationings  w^ere  obtained  by  noting 
the  stations  at  which  the  lines  intersected  the  railroads  and  a  few 
other  lines  run  for  this  purpose. 


Topographical  Stirvey  of  a  Four- Thou  sand- Acre  Tract.  127 


The  transit-lines  for  contour  levels  were  run  much  as  railroad  loca- 
tions are  run,  but  not  so  carefully — much  less  care  taken  to  keep  the 
chain  level,  etc  Permanent  hubs  were  left  at  ever}^  transit  point  and 
a  numbered  station-stake  of  lath  at  each  100'.  Common  100'  survey- 
or's chains  were  used  ;  100'  band-chains,  such  as  were  used  on  the 
bases,  were  tried  but  broke  so  often  because  of  the  rapid  work  and  the 
rough  ground  and  stumps  that  their  use  was  abandoned. 

The  extending  of  transit-lines  from  base  to  lake  or  river  at  one  opera- 
tion was  departed  from  somewhat  in  that,  lines  crossing  sloughs  on 
sections  2,  3  and  32  were  at  first  run  onl}'  far  enough  to  include  all 
sloughs,  ever}'  effort  being  made  to  finish  all  work  (transit,  level, 
soundings,  etc.)  on  sloughs  and  river  while  ice  lasted.  The  lines  thus 
partly  run  were  afterward  extended  to  the  river  or  the  lake. 

The  usual  size  transit  party  on  these  lines  was  seven  men  ; — compris- 
ing transit-man.  head-chain,  hind-chain,  back-flag,  man  to  drive  and 
mark  stakes,  and  two  axmen.  An  experienced  chainman  was  always 
used  as  head-chain,  but  all  the  other  men  under  the  transit-man  were 
day-laborers  picked  up  in  the  vicinity.  The  party  was  so  organized  as 
to  get  the  greatest  amount  of  work  done — enough  axmen  provided  to 
prevent  undue  delay  to  the  transit  work  and  chaining.  The  above 
party  contained  three  axes,  and  occasionall}'  an  additional  axman  was 
used  where  the  woods  were  unusually  thicic.  The  rate  at  which  these 
lines  were  run  is  shown  by  the  following  table,  which  shows  the  line 
run  per  party-day — or  per  day  actually  worked  per  single  party  :  — 

Feb.   10-14;  aver,  per  party-day  =  2.33  miles; — max.  per  party-day  =  

Feb.  15-21;     "      "        "        —2.65     "    ; —    "      "         "        =3.16  miles 
Feb.  22-28;     "      "        "        =2.97     "    ;—    "      "        "         =3.88  " 
Mch.    1-7;     "      "        "        =3.20     "    ;—    "      "        "        =4.17  " 
Mch.   8-14;     "      "        "         =3.84     "    ;—    "      "        "         =4.56  " 

At  the  last  date  but.  about  five  miles  remained  to  do,  scattered,  and 
this  was  run  in  less  than  two  days  by  one  party 

The  entire  134.0  miles  was  run  in  44.7  party-days,  or  at  the  average 
rate  of  3.02  miles  per  party-day. 

The  most  interesting  feature  of  above  table  is  the  continuous  increase 
as  the  work  progressed  in  the  miles  run  per  day  ; — and  the  evident  fact 
that  had  there  been  more  of  this  work  to  do,  the  rate  ])er  day  would 
have  continued  to  increase  for  some  time.  This  steady  increase  was  due 
to  several  causes  :  largely  to  the  common  laborers  in  the  party  becoming 
used  to  their  duties,  and  to  discharging  the  poor  men  and  retaining  only 
the  best  ; — all  of  the  pnrty  except  transit-man  and  head  chain  were  gen- 
erally Germans,  slow  to  learn  and  to  move,  but  steady  and  faithful 
workers.  The  transit  man  and  head-chain  of  both  parties  were  ex- 
perienced and  rapid  workers. 
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The  most  effective  cause  in  increasing  the  rapidit}'  of  this  work,  how- 
ever, was  tlie  rivalry  between  the  two  transit  jiarties  simultaneously 
engaged  on  it  ; — each  party  having  lo  report  its  own  day's  work  every 
night  and  learnin<^  the  extent  of  the  other  ])arty's. 

The  increasing  rates  in  the  table  were  affected  adversely,  if  at  all,  by 
the  special  ground  surveyed,  as  the  roughest  ground  in  the  tract  was 
surveyed  during  the  last  three  weeks. 

The  chaining  on  these  lines  fell  short  of  the  true  distances  as  given 
by  base  lines  by  from  2  feet  to  15  feet  per  mile,  usually  about  8  feet ; — 
this  was  due  mainly  to  not  leveling  chains  with  much  care,  all  the 
ground  l)eing  rough.  The  lines  usually  closed  on  their  base  (after  run- 
ning out  and  back,  nearly  two  miles  of  line)  within  about  two  feet,  both 
as  to  distance  and  parallelism  ; — thus  showing  that  the  chaining  was 
uniform,  the  lines  straight,  and  the  angles  right- angles — all  to  at  least 
as  great  a  degree  as  was  needed. 

The  principal  use  of  these  lines  being  to  give  sufficient  data  to  make 
possible  a  close  location  of  their  station-stakes  on  the  100'  scale  maps, 
a  close  knowledge  of  their  error  at  any  point  was  necessary  to  make 
the  corresponding  correction  in  the  })latting.  As  already  mentioned, 
these  errors  were  determined  by  reading  the  station  of  each  line  at  its 
intersection  with  the  railroads  and  with  four  other  lines  which  were 
run  parallel  with  north  and  south  bases  in  the  locations  shown  on  the 
map.  There  were  also  a  few  lines  north  of  the  river,  run  from  north 
base,  connected  b}'  triangulation  with  the  corresponding  lines  south  of 
river  and  run  from  the  south  base.  All  the  transit-lines  in  section  32 
were  run  from  its  north  base  and  their  errors  determined  by  the  rail- 
roads-and  b\-  the  south  base  of  section  32,  run  after  the  completion  of 
the  transit  lines. 

These  transit-lines  were  not  usually  extended  beyond  the  edge  of  the 
river  fiat,  which  below  the  3  foot  contour  was  little  better  than  a  peat- 
marsh  and  impassible  a  large  part  of  the  year.  The  river  itself  had 
been  previously  located  b}'  offsets  from  a  meander-line  to  the  edge  of 
the  ice,  the  high  banks  were  fully  defined  by  the  transit-lines,  and  the 
river-fiat  lying  between  was  fiat  and  featureless. 

Levels  for  Cojitoiirs. — It  will  be  noticed  that  the  leveling  of  these 
transit- lines  was  begun  only  four  days  later  than  the  transit  lines  them- 
selves. This  was  of  course  due  mainl}^  to  a  general  effort  to  hurry  the 
work,  especially  on  that  part  of  the  tract  containing  sloughs  ;  but  this 
early  start  was  very  necessary  for  another  reason,  to  give  a  sure  index 
as  to  how  close  to  each  other  the  transit-lines  should  be  run.  Too 
great  a  distance  apart  made  the  level-work  slow  or  inaccurate,  or  both 
— slow  because  of  bushes,  etc.,  delaying  the  sighting  and  inaccurate 
because  of  too  great  difficulty  in  locating  the  side-levels. 
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Throughout  all  the  work  an  endeavor  was  made  to  have  the  level 
work  closely  succeed  the  transit  work,  using  three  level  parties  to  two 
transit  parties  for  this  purpose  : — by  so  doing  not  only  was  the  work 
hastened,  but  the  general  supervision  of  the  work  made  easier  because 
of  the  parties  working  near  each  other  ; — better  data  were  also  obtained 
as  to  distance  apart  at  which  to  run  transit  lines. 

In  running  the  levels,  elevations  were  taken  on  the  transit-line  at 
all  station-stakes  and  at  all  very  marked  changes  of  slope,  also  at  edges 
of  slough,  river,  and  lake  ;  side-levels  were  also  taken,  located  by  pac- 
ing (as  were  all  levels  taken  on  line  between  stations),  for  half  the  dis- 
tance to  adjoining  lines.  The  intention  was  to  have  these  side-levels 
taken  only  on  tops  of  knolls,  bottoms  of  hollows,  or  at  important 
changes  of  slope  ;  but  it  was  often  hard  to  judge  just  where  they  were 
needed  and  the  parties  often  fell  into  the  routine  of  taking  them  at  even 
distances  from  the  line,  as  25',  50',  75',  100',  etc. 

As  a  result  of  such  routine,  more  elevations  than  necessary  were 
often  taken  but  all  were  i^latted  and  served  as  checks  on  each  other  ;  at 
midvva}'  points  between  the  transit  lines  the  levels  were  practically 
duplicated,  one  set  from  each  direction,  and  if  any  discrepancy  ap- 
peared when  platted  it  was  settled  by  looking  up  the  error  on  the  ground. 

The  side-levels  were  rendered  quite  difficult  by  leaves,  the  oaks 
growing  quite  low  and  scrubby  and  holding  nmny  of  their  leaves  over 
winter.  If  taken  in  summer,  the  leaves  would  probably  have  made 
the  level  and  transit-work  one  third  slower  and  more  expensive.  Very 
early  in  the  work  it  was  found  that  two  rod-men  could  be  used  by  each 
leveler  with  advantage,  about  one-quarter  more  line  being  rnn  per 
day  than  with  one  rod-man  and  at  the  same  time  the  ground  more 
thoroughly  covered. 

The  distance  apart  at  which  transit-lines  were  run  was  regulated  by 
the  ease  and  accuracy  with  which  the  side  levels  could  be  taken.  The 
lines  were  started  400'  apart  at  the  east  edge  of  section  2  but  were  at 
once  changed  to  300'  apart,  which  spacing  was  kept  for  all  of  the  work, 
south  of  the  river.  On  the  north  of  the  river,  lines  were  spaced  100' 
apart  on  the  ea.st  mile  and  a  half  of  tract  and  300'  apart  on  the  west 
mile  and  two-thirds,  the  intervening  lines  being  spaced  150  apart  ;  the 
spacing  being  determined  both  by  the  roughness  of  the  ground  and  by 
the  thickness  of  the  timber  growth. 

The  rate  of  level-work  per  party  (generally  leveler  and  two  rodmen) 
per  day  worked  was  as  follows  : 

Feb.     14-21  ;  aver,  per  party-day  —  1.67  miles  ;  — max.  per  party-day  =  2.0  miles. 

"  22-28;  "  "  "  =1.74  "  ; —  '•  "  "  =2.2  " 
Mch.  1-7  ;  "  "  "  =^1.83  "  ; —  "  "  "  =2.3  " 
8-14  ;    "     "        "        =2.15    "     ;—   "     "        "       =3-o6  " 

"       15-21;    "      "        "        =1.80    "     ; —   *'      "        "  =  
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Only  about  7  miles  remained  after  last  date,  very  rough  and  in  sec- 
tion 29  ;  two  level-parties  were  discharged  and  this  finished  by  the  re- 
maining one  at  the  rate  of  1.53  miles  per  day  worked.  The  lowered 
rate  from  March  15-21  was  due  to  tlie  work  being  scattered — "cleaning 
up." 

The  total  134.0  miles  of  levels  were  run  in  72.7  party-days,  or  at  the 
rate  of  1.84  miles  per  party  day. 

The  increasing  speed  of  work  was  due  to  the  same  general  causes  as 
with  the  transit-work — except  that  the  rodmen  were  all  procured  from 
a  distance  and  were  supposed  to  be  good  and  experienced  men,  though 
some  of  them  proved  poor. 

No  care  was  taken  with  these  levels  to  have  the  elevations  precise 
within  two  or  three  tenths,  many  readings  being  taken  by  raising  rod 
from  the  ground  and  dropi)ing  it  to  a.scertain  the  amount  raised.  The 
leveling  was  started  from  carefully  checked  bench  marks  not  over  500' 
apart  along  the  bases  ;  run  to  the  river  or  the  lake  and  checked  on  the 
water  ;  then  on  an  adjoining  line  back  to  the  ba^e,  where  they  closed 
within  a  tenth  or  two,  usually  much  less.  The  instruments  used  were 
ordinary  railroad  Y  levels,  the  best  being  a  20"  Gurley  .several  years  old; 
and  12  foot  self-readnig  rods  made  by  ourselves. 

Establishvient  of  Bench  Marks. — The  Datum    Plane  chosen  as  the 
zero  of  elevations  was  the  U.  S.  Hari)or  Datum  for  Chicago,  this  being 
I  foot  above  the  Chicago  City  Datum,  which  is  the  L.  W.  of  1847 
Lake  Michigan. 

The  nearest  government  bench  mark  was  at  Hammond,  nearly  10 
miles  away,  and  this  was  connected  with  a  primary  bench  mark  chosen 
at  .south-west  corner  of  section  4,  by  three  lines  of  levels  run  most  of 
the  way  along  the  road-bed  of  the  Michigan  Central  Railroad.  The 
results  obtained  as  the  elevation  of  the  primary  bench  mark  were 
-f  21/91,  -|-2i.'83,  and  +21. '84;  the  last  was  adopted  as  being  done  under 
the  best  conditions,  tlie  first  having  been  done  with  an  ordinary  laborer 
as  rod-man  and  the  leveler  reading  the  clamped  rod  in  passing.  About 
14  of  the  turning-points  were  made  permanent  and  were  used  in  com- 
mon on  the  three  lines,  showing  an  agreement  on  intermediate  points 
about  the  same  as  on  the  primar\'  bench  mark  at  Tolleston. 

The  levels  were  run  once  over  this  distance  of  about  9}^  miles  in 
one  full  day,  the  leveler  and  rodman  taking  an  8  A.  M.  train  for  Ham- 
mond and  leveling  back  to  Tolleston  by  about  .f,  p.  m. 

As  a  precaution,  the  government  bench  mark  at  Hammond  was 
verified  from  one  at  Hegawisch,  about  3^  miles  distant,  by  a  single 
line  of  unchecked  levels  ;  the  result  was  a  disagreement  of  o.'o8  in  the 
two  bench  marks,  which  mav  have  been  the  combined  effect  of  the 
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government  and  our  own  errors  in  leveling.  As  the  onl}^  object  of  the 
check-line  was  to  check  tlie  Hammond  bench  mark  as  to  probable  set- 
tlement, the  disagreement  was  disregarded  and  the  government  ele- 
vation of  the  Hammond  bench  mark  accepted  and  used. 

From  the  primary  bench  mark  at  the  southwest  corner  of  section  4, 
56  bench  marks  were  established  on  trees  in  the  tract,  most  of  them 
about  500  feet  apart  along  the  north  and  south  bases.  These  bench 
marks  were  marked  with  a  number  and  an  elevation,  the  latter  being 
checked  by  a  double  line  to  within  o.'oi  to  o.'o3.  Elevations  were  also 
mai ked  at  close  of  survey  on  6  stone  monuments  and  42  iron  monu- 
ments, all  marking  government  survey  corners. 

The  instruments  usc-d  in  all  bench  mark  work  were  the  20"  Gurley  Y 
level  already  mentioned  and  a  very  dilapidated  Philadelphia  rod,  the 
only  target  rod  on  the  survey. 

Sketching  Topography. — Very  little  of  this  was  done,  the  methods 
employed  leaving  hardly  anything  to  be  determined  b}^  this  means. 
The  edges  of  sloughs,  which  had  already  been  located  wherever  inter- 
sected by  the  regular  transit  lines,  were  caretully  sketched  between  ; 
all  of  the  few  buildings  were  sketched,  measured,  and  connected  with 
the  regular  transit-lines  ;  and  on  the  railroads  the  beginnings  and  ends 
of  cuts  were  located,  and  the  depths  of  cuts  and  heights  of  fills  noted. 
Except  the  railroads,  the  tract  did  not  contain  a  single  legal  road  or 
bridge 

Soundings  for  Hard  Bottom. — The  instruments  used  were  a  Y^'  gas- 
pipe  with  a  steel  point  welded  on  and  a  auger  welded  on  a  YJ'  gas- 
pipe,  the  former  being  mo.st  used.  In  the  river,  lines  of  soundings 
were  taken  across  the  stream  and  fiat  at  about  each  1500';  and  on 
sloughs,  about  900'  apart — the  work  in  both  cases  being  done  on  the 
ice.  The  river  flat  was  also  examined  in  many  phices  with  a  spade  for 
clay  and  some  beds  of  about  a. foot  thick  were  found,  though  of  no 
great  purity  or  extent. 

Ascertaining  the  True  Meridian. — A  true  meridian  was  laid  out  and 
monumented  north  from  the  south  west  corner  of  section  4.  The 
method  u.sed  was  that  of  observations  on  Polaris  off  of  meridian,  the 
local  time  (and  consequently  the  hour  angle)  being  known.  Seven 
observations  were  made  one  night,  with  an  extreme  variation  from 
mean  of  22";  and  five  another  night  with  a  range  of  70"  and  differing 
in  their  mean  i'.o8''  from  the  mean  of  first  night's  observations.  The 
mean  of  the  two  nights'  means  was  used  as  the  true  meridian.  Both 
direct  and  reverse  sights  were  taken  each  night  and  the  large  range  is 
due  mainly  to  this  and  to  the  transit  used  ;  also  to  the  inexperience  of 
the  several  observers. 
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This  manner  of  finding  the  trne  meridian  is  wortliy  of  description. 
It  was  pn1)lished.  with  tallies  necessary  for  nse,  in  the  U.  S.  j^overn- 
ment  "  Mannal  of  Snrveying-  Instrnclions  "  for  1890  and  lias  since, 
the  writer  l:)elieves,  been  inclnded  in  later  editions  of  Hodgman's  "  Land 
Snrveying."  The  work  of  finding  the  true  meridian  in  this  instance 
will  be  described,  rather  than  a  general  case. 

The  local  time  was  determined  by  comparing  a  watch  with  the  90th 
meridian  time  (as  telegraphed  daily  to  every  railroad  ofiict)  on  the  day 
before  and  the  day  after  the  observation-night,  ;ind  correcting  this  90II1 
meridian  time  for  the  difference  in  longitnde  as  ascertained  from  a 
map.  The  local  time  of  observation  being  known  by  the  watch  and 
the  time  of  the  culmination  of  Polaris  : — from  a  published  table  the  dif- 
ference in  time  is  the  hour  angle  of  Polaris  :  from  this,  using  tables  or  the 
proper  formulae,  with  the  latitude  determined  from  a  map,  the  angle  of 
Polaris  with  the  true  meridian  at  the  instant  of  observation  can  be  com- 
puted and  the  true  meridian  laid  off  by  this  angle. 

The  advantages  of  this  method  are  evidently  the  entire  freedom  as  to 
time  of  observation,  and  the  ability  to  make  a  great  number  of  .separate 
observations  on  the  same  night. 

The  field-work  was  done  as  follows,  the  problem  being  to  make  a 
rather  accurate  determination  of  the  true  meridian  with  a  transit  un- 
suited  to  such  work  : 

The  point  chosen  for  the  transit  and  for  the  .south  monument  of  the 
standard  meridian  w\as  the  stone  monument  already  marking  the  south- 
west corner  of  section  4.  About  1 25  feet  north  of  this  and  on  the  brow  of 
a  hill  about  25  feet  higher  two  large  stakes  were  driven  very  .solidly  about 
5  feet  apart  east  and  west,  on  these  stakes  a  smooth  board  was  nailed, 
flat  with  a  planed  edge  to  the  south.  This  was  done  during  the  day  ; 
also  two  boxes  large  enotigh  to  hold  a  lantern  provided,  one  box  with 
a  hole  in  bottom  about  y%"  diameter  and  the  hole  covered  with  white 
paper. 

The  cross-hairs  of  transit  were  lighted  by  light  reflected  from  a  ring 
of  white  paper  held  in  front  of  the  object-glass  by  a  wire.  Five  men 
and  three  lanterns  were  tised  ;  an  observer,  a  time-keeper,  and  a  lan- 
tern-holder at  the  transit,  and  a  man  to  move  box  containing  lantern, 
with  a  helper,  on  the  hill.  Merely  as  an  experience,  each  man  was 
given  a  chance  to  act  as  ob.server. 

The  routine  of  an  observation  was  as  follows  :  the  transit,  in  a  direct 
position,  was  carefully  leveled-up  and  clamped  just  ahead  of  the  mov- 
ing star  ;  when  the  vertical  cross-hair  covered  the  star,  time  was  called 
and  recorded  and  the  telescope  immediately  plunged  to  bring  the  board 
on  the  hill  into  the  field  ;  the  box  (set  on  end)  was  then  moved  east  or 
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west  by  signals  till  the  illuminated  hole  in  the  bottom  was  bisected  by 
the  vertical  cross  hair  ;  and  then  b}-  means  of  a  plumb-bob  (the  box 
being  held  from  moving  by  a  weight  previously  placed  on  top)  the 
position  of  the  center  of  hole  was  carefully  marked  on  the  smooth 
south  edge  of  the  board  with  a  pencil. 

These  observations  were  repeated  on  the  first  night  7  times,  using 
both  direct  and  rex  erse  positions  of  the  telescope,  and  each  pencil  mark 
on  edge  of  board  was  marked  with  a  number  to  allow  of  identification. 

On  the  next  day,  the  angle  off  the  meridian  at  each  observation  w^as 
computed  and  the  tangent  of  this  angle  multiplied  by  the  carefully 
measured  horizontal  distance  between  the  south  edge  of  the  board  and 
the  transit-point  ;  the  results  were  seven  distances,  wdiicli,  laid  off  in 
the  right  direction  from  from  their  corresponding  pencil  marks  on  the 
edge  of  the  board,  gave  seven  independent  determinations  of  the  true 
meridian,  in  good  shape  for  comparison  and  for  the  choice  of  a  mean 
or  other  value. 

The  adopted  position  being  maiked  on  the  edge  of  board,  it  was 
transferred  to  intersecting  threads  ;  the  board  was  then  removed  and  a 
monument  set,  and  marked  from  the  llireads. 

The  only  feature  of  the  foregoing  original  with  the  writer  (  and  this 
has  probably  been  used  by  otliers)  is  the  use  of  the  horizontal  distance 
and  the  tangent  of  the  angle  to  get  a  linear  instead  of  an  angular  de- 
termination of  the  true  meridian,  and  so  to  confine  the  use  of  the  transit 
entirely  to  plumbing  down  from  the  star  to  the  board. 

It  seems  to  the  writer  that  a  similar  method  of  linear  determination 
might  be  used  for  latitude  :— transferring  tlie  altitudes  of  Polaris  hori- 
zontally to  a  building  or  a  tree  by  a  transit  and  then  computing  the 
angles  by  means  of  ta])e  and  level  measurements  ;  liowever,  the  prac- 
tical difficulties  are  much  greater  tlian  in  an  azimuth-determination 
and  the  method  is  mentioned  merely  as  a  possibility  in  the  absence  of 
reliable  instruments  having  vertical  arcs. 

Boundary  Survey. — The  object  of  the  boundary  survey  was  to  es- 
tablish a  position  for  every  government  survey  corner  (except  a  few  of 
the  meander  corners)  on  the  tract  mentioned  in  the  original  surveys, 
to  use  all  legal  means  io  make  these  positions  correct  and  binding,  and 
to  occupy  every  such  position  with  a  permanent  monununt. 

As  the  original  surveys  were  made  in  1830-34,  the  corners  being  then 
marked  by  wooden  stakes  and  referenced  to  bearing  tress,  very  little 
evidence  of  the  original  marks  was  in  existence  in  1891.  During  the 
sixty  years  which  had  passed  110  improvements  had  been  made  on  the 
tract  except  the  railroads  ;  much  of  the  original  timber,  including 
many  bearing  trees,  had  been  cut  down      the  land  had  always  been 
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considered  of  small  value  ; — and  all  incentive  for  the  preservation  of 
the  original  survey  corners  seems  to  have  been  lacking. 

The  first  step  taken  was  to  become  personally  acquainted  with  the 
position  of  every  government  survey  corner  still  marked  on  the  tract 
and  with  the  evidences  to  which  such  position  was  due.  This  was 
done  with  the  hel])  of  Mr.  John  Fisher,  County  Surveyor  of  Lake 
Count3%  Indiana,  who  in  the  beginning  of  the  survey  personally  visited 
each  government  survey  corner  with  the  writer,  describing  his  knowl- 
edge of  each  and  pointing  out  all  evidences  remaining.  Before  the 
close  of  the  survey  the  writer,  in  conjunction  with  Mr.  Fisher,  prepared 
a  careful  statement  of  all  Mr.  Fisher's  knowdedge  concerning  these  sur- 
vey corners,  which  statement  was  entered  in  "  Book  No.  i"  and  was 
there  subscribed  and  sworn  to  before  a  notary  public  by  Mr.  Fisher. 

The  position  of  county  surveyor  had  at  that  time  been  held  by  him 
continuously  for  about  25  years,  during  which  period  most  of  the  evi- 
dences of  the  correctness  of  corners,  available  during  his  early  years  in 
office,  had  disappeared.  His  sworn  statement  in  "Book  No.  i"  is 
therefore  (except  his  personal  testimony)  believed  to  be  the  best  evi- 
dence existing  as  to  the  correct  location  of  many  of  the  corners. 

It  may  be  mentioned  in  this  connection  that  the  sole  condition  neces- 
sary in  any  government  land  survey  corner  is  that  it  shall  occupy  the 
exact  spot  marked  during  the  original  survey  ;  inaccuracies  or  mistakes 
in  the  original  survey  have  no  influence  on  the  subject  and  do  not  in  the 
least  invalidate  the  corners  then  located.  From  this  it  follows  that  the 
main  object  in  a  resurvey  is  the  discover}^  of  the  original  corner-stake  or 
of  some  of  the  original  bearing  trees  for  same  ;  and  failing  all  such  evi- 
dence, to  start  from  the  nearest  well-antheniicated  corners  and,  with  a 
copy  of  the  notes  of  the  original  survey,  to  re-run  this  survey  so  as  to 
locate  all  missing  corners  as  nearly  as  possible  in  their  original  posi- 
tions. 

A  copy  was  obtained  from  Mr.  Fisher  of  his  certified  cop\  of  the  field- 
notes  of  the  original  U.  S  land  surveys.  Using  this,  and  his  statement 
of  lost  evidences,  etc.,  a  thorough  test  and  comparison  was  made  of  every 
corner  ;  such  ones  as  seemed  without  doubt  to  be  in  the  original  location 
were  accepted  and  temporaril}^  marked  b}^  heav}'  stakes,  while  all  oth- 
ers were  located  from  these  by  the  use  of  the  original  survey-notes  as 
mentioned  above. 

The  re-surve}'  was  made  much  more  difficult  because  of  the  town- 
ship hue  passing  east  and  west  through  the  tract,  this,  (and  the  lake 
on  its  northern  boundarj^)  making  every  section  in  the  tract  a  partial 
section.  In  man}-  cases  it  was  necessar}^  to  go  a  half  mile  or  a  mile  off 
of  the  tract  before  a  reliable  survey  corner  was  found  from  which  to 
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start  the  resiirvey.  Man}-  of  the  locations  finally  determined  on  dif- 
fered widely  from  those  which  had  been  ordinarily  accepted  as  correct 
— e.  g.,  the  position  finally  determined  for  the  south  east  corner  of  sec- 
tion 2  was  27  feet  to  the  west  and  9  feet  to  the  south  of  the  previously 
accepted  one,  though  the  latter  had  been  thought  worthy  of  marking 
with  a  stone  monument. 

Sometimes  original  evidences  were  discovered  after  all  hope  for  them 
had  been  abandoned.  An  instance  was  the  south  ^  corner  of  section 
2.  A  careful  search  of  its  supposed  neighborhood  failed  of  any  result 
and  it  was  determined  to  locate  it  from  other  survc}'  corners  ; — a  line 
w^as  run  terminating  a  small  swamp  hole  and  a  trial  stake  set,  from 
which  (using  the  compass  of  the  transit)  measurements  were  made  to 
locate  the  two  bearing  trees  mentioned  in  the  notes  of  the  original  sur- 
vey. At  about  the  spot  which  should  be  occupied  by  the  south  bearing 
tree  a  stump  hole  was  found,  burned  even  with  the  ground  ; — while 
where  the  north  tree  should  be,  a  tree  was  found  which  had  been  dead 
for  many  years,  with  a  rotten  spot  on  its  side  which  seemed  to  have 
been  started  from  a  blaze  such  as  is  used  to  mark  bearing  trees.  From 
these  trees  were  measured  lines  of  the  correct  distances  and  bearings, 
and  at  their  in.section,  buried  15"  in  the  wet  black  muck,  was  found  the 
point  of  a  stake.  9"  long  3"  square,  jelly-like  in  consistency,  but  with 
the  ax-marks  still  visible.  The  County  Surveyor,  on  examining  it 
afterward,  pronounced  it  to  be  without  doubt  the  point  of  the  original 
corner  stake. 

The  writer  was  greatly  aided  in  this  resurvey  by  two  publications  : — 
one  a  small  pamphlet  issued  by  the  U.  S.  Land  Office  in  1883,  called 
"  Restoration  of  Lost  and  Obliterated  Corners"  ;  and  the  other  a  book 
with  the  title  "Land  Surveying",  b}^  F.  Hodgman,  Climax,  Mich. 
The  latter  contains  many  legal  decisions  in  reference  to  surveys  and  is 
invaluable  on  this  kind  of  work. 

Provision  is  made  in  the  Revised  Statutes  of  Indiana,  1881,  for 
making  resurveys  legal  or  binding,  by  an  agreement  between  all  inter- 
ested parties.  The  e.ssential  points  to  be  observed  in  legal  surveys  are 
the.se  : — the  survey  must  be  made  (at  least  in  name)  by  the  County 
Surveyor  ; — all  owners  of  adjoining  lands  must  be  notified  of  date  and 
place  of  beginning,  residents  of  county  by  personal  service  and  non- 
residents by  publication  for  three  weeks  in  the  nearest  newspaper  ; — on 
date  of  the  survey,  the  monuments  can  be  .set  only  if  no  objections  are 
made  by  adjoining  owners  ;  a  map  and  descriptions  of  all  monuments  set 
are  filed  in  the  county  offices  ; — the  cost  of  the  survey  is  as.ses.sed  pro 
rata  on  all  lands  bounded  by  the  monuments  ; — and  if  no  objections  are 
made  to  the  monuments  within  three  years,  their  correctness  cannot 
thereafter  be  disputed. 
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These  conditions  were  all  complied  with  and  the  survey  of  tract 
made  a  legal  survey.  Each  survey  corner  established  was  monu- 
mented,  usually  with  a  section  4  ft.  long  of  60  lb.  steel  railroad  rail, 
set  3'  b"  in  ground,  with  a  bolt  through  the  bottom  end.  At  least  two 
bearing  trees  were  marked  and  recorded  for  each  monument. 

Finally,  in  "  Book  No.  i  "  was  entered  a  comi)lete  co])y  of  the  field 
notes  of  the  original  government  land  survey,  a  signed  statement  by  the 
writer  giving  the  manner  in  which  each  monumentcd  corner  was  lo- 
cated and  the  reasons  for  such  location,  and  a  full  descri])ti()n  of  each 
monument  and  its  bearing  trees. 

It  should  be  noted  that  the  positions  of  idl  monuments  were  deter- 
mined and  their  coordinates  o])tained  by  connecting  them  with  the 
nearest  base  ;  and  that  throughout  the  boundary  survey  much  use  was 
made  of  many  lines  which  had  been  run  for  the  topogra])hical  survey. 

MKTHODS  USED  IN  MAPPING. 

The  paper  on  which  the  ma{)s  were  drawn  was  a  thick  muslin- 
])acked  pai)er  somewhat  smoother  than  "egg-shell  paper".  Much 
difficulty  was  experienced  in  getting  paper  wide  enough  for  the  pur- 
pose, none  being  found  in  Chicago  and  that  secured  in  New  York  be- 
ing only  50"  wide.  This  width,  while  sufficient  to  contain  the  maps, 
gave  very  little  room  for  margins,  and  the  appearance  of  the  100  ft. 
scale  maps  was  much  injured  in  consequence.  It  may  be  of  interest  to 
remark  that  the  writer  has  since  found  an  excellent  paper  made  by  A. 
V.  Benoit&Co.,  of  New  York,  in  rolls  and  62"  wide;  it  is  called 
*' Samson  Paper ",  is  made  in  two  thicknesses,  and  is  especially  re- 
markable for  its  strength,  good  surface,  and  adaptabilit}-  to  erasures. 

The  drawing-boards  (five  in  all)  were  made  very  cheaply  and 
roughly  from  i"  boards,  by  a  village  carpenter.  Their  only  unusual 
feature  was  the  trestles,  which  were  made  like  saw-bucks,  but  with  the 
two  X's  joined  together  by  four  slats  arraJiged  in  an  hour-glass  form. 
Though  built  only  of  \"  boards  and  a  few  nails,  they  were  the  steadiest 
and  stiffest  the  writer  has  ever  seen. 

The  first  step  in  making  the  maps  was  coordinating  the  paper,  or 
ruling  the  paper  very  accurately  into  squares.  The  only  accurate 
straight-edge  possessed  being  a  24"  steel  one,  the  main  dependence  in 
securing  exactly  straight  lines  was  on  the  use  of  needles  and  silk 
threads  When  the  penciled  squares  had  been  thoroughly  checked 
and  corrected,  they  w^ere  lightl}'  inked  with  neutral  tint,  this  being 
used  because  it  was  less  obtrusive  than  India  ink. 

On  the  eight  100  ft.  scale  maps,  which  w^ere  drawn  first  and  on 
which  all  the  field- notes  were  platted,  the  squares  were  made  500  ft.  on 
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a  side  ;  while  1000  feet  squarc^s  were  drawn  on  the  general  map  of  400 
ft.  scale,  which  was  made  by  reducing  from  the  original  eighi. 

The  great  advantages  arising  from  the  use  of  rectangular  coordinates 
in  surveys  and  maps  do  not  seem  to  be  sufficiently  appreciated.  In  no 
other  way  can  such  simple  relations  be  established  between  all  points 
on  the  tract,  while  at  the  same  time  computations  are  greatly  simpli- 
fied, the  chance  of  errors  lessened,  and  maps  made  much  more  accurate 
for  future  use. 

The  first  surveys  platted  were  the  base  lines,  every  .section  map  con- 
taining a  portion  of  at  least  one  ba>e  This  platting  was  done  entirely 
b\'  the  use  of  computed  coordinates,  each  base  station  being  platted 
by  measuring  from  the  nearest  sides  of  its  coordinate  square  (not  more 
than  250'  at  the  most)  and  marked  in  pencil  with  its  station  number. 

The  two  railroads  were  next  platted,  by  computed  coordinates  in  the 
same  way,  their  surveys  being  checked  b\'  the  three  base  lines  which 
they  intersected.  The  four  check  lines  shown  on  map  were  then  platted 
from  the  bases. 

The  meander  line  of  river  was  platted,  and  after  being  carefully 
checked,  the  edges  of  river  were  located  b}-  the  off-set  measurements. 

The  only  topographical  surveys  then  remaining  to  plat  were  those 
connected  with  the  contouring,  consisting  almost  entirel}^  of  the  north 
and  south  parallel  transit  lines  and  their  accompanying  levels.  The 
best  realization  of  the  amount  of  this  work  can  be  gained  from  the  fact 
that  there  were  [34  miles  of  these  transit  lines  to  plat  and  that  the  level 
notes,  containing  many  thousands  of  elevations,  filled  about  60  ordinary 
field  books. 

The  transit  lines  were  platted  as  follows  :  — 

A  pencil  line  was  drawn  at  right  angles  to  the  base  at  the  station  from 
which  the  transit  line  was  started,  and  the  return  line  ])latted  by  means 
of  the  offset  at  further  end  and  the  base  station  at  which  the  return  line 
terminated.  The  stations  (noted  in  the  field j  at  which  each  transit  line 
cros.sed  the  railroads,  check  lines  and  bases  were  then  marked  on  the 
map  in  ])encil  and  ail  intermediate  stations  on  the  transit  lines  were 
fixed  by  working  back  and  forth  from  these,  distributing  inaccuracies 
at  the  same  time.  The  pair  of  lines  were  platted  at  the  same  time  as  a 
check  on  each  other,  and  any  large  disagreements  or  errors  were  noted 
for  looking  up  in  the  field.  The  usual  errors  (or  corrections)  on  these 
transit  lines  have  already  been  given  in  the  description  of  field  work. 

When  all  transit-line  .stations  had  been  located  on  the  map  as 
closely  as  practicable  to  their  actual  locations  in  the  field,  the  platting 
of  the  level  notes  was  begun.  This  con.sisted  merely  in  marking 
each  elevation  in  pencil  at  the  proper  station  and  offset,  keeping  a 
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sharp  watch  for  disagreements  while  doing  so.  These  lines  and 
levels  were  platted  without  making  use  of  the  coordinate  squares,  and 
with  bristol  l:)oard  scales. 

The  only  thing  still  to  be  done  before  the  development  of  the  contours 
could  be  begun  was  the  platting  of  the  edges  of  sloughs  and  of  the  lake 
shore.  These  were  alread}-  located  on  the  map  at  each  transit  line  ; 
and  the  sloughs  were  drawn  between  these  lines  from  paced  sketches. 

The  sloughs  had  a  very  marked  effect  in  determining  contours, being 
long,  canal -like  bodies  of  water  between  well  defined  ridges,  tho.se  in 
the  south  half  of  sections  2  and  3  covering  about  ly'i  miles  east  and 
west  and  being  from  50'  to  700'  in  width,  while  those  in  section  32  were 
from  25'  to  150'  wide.  Their  maximum  depth  was  about  5'  ;  and  their 
surfaces  alxnit  18  feet  above  lake  or  river  in  sections  2  and  3  and  7  feet 
in  section  32. 

Contours  were  drawn  at  5  foot  intervals  above  the  datum  plane,  being 
deduced  in  the  usual  way  by  interpolating  between  the  elevations  writ- 
ten in  pencil  on  the  map.  Several  small  devices  can  be  used  to  hasten 
such  work,  but  will  not  be  mentioned  here.  It  was  the  invariable  rule, 
when  water  was  present,  to  begin  at  the  lowest  contour  and  work  up 
— and  in  all  cases  to  work  out  the  lower  and  upper  contours  before  at- 
tempting the  intermediate  ones. 

While  the  theory  of  contours  is  very  sim]~)le.  the  writer  can  testify 
that  deducing  the  contours  for  such  a  piece  of  ground  as  this  tract  is  a 
very  difficult  work,  requiring  much  skill,  care,  and  patience.  The 
sample  of  contours  given  is  not  selected,  but  happens  to  be  the  only 
one  now  at  hand.  It  is  from  a  tracing  made  at  the  time  of  that  part  of 
a  ICQ  foot  scale  map  including  the  proposed  canal  and  (except  that  the 
elevations  of  crests  and  hollows  were  omitted)  is  an  exact  copy  of  the 
original.  It  also  shows  the  only  portion  of  tlie  tract  examined  by  the 
writer  with  completed  map  in  hand  ;  this  was  done  in  making  studies 
and  borings  for  a  ship  canal  at  this  site  and  the  map  found  to  be  exact 
in  all  respects. 

The  ground  represented  by  this  sanij^le  of  contours  may  be  regarded 
as  about  the  easiest  and  most  regular  of  that  covered  by  the  100  ft. 
spacing  of  transit-lines,  where  this  spacing  was  governed  by  the  rough- 
ness of  the  ground  rather  than  by  the  thickness  of  the  timber  growth. 
The  eastern  part  of  section  35  was  many  times  more  broken,  while  the 
slough  portions  of  sections  2,  3,  and  32  were  much  more  regular. 

No  further  explanations  of  mapping  are  needed,  except  that  in  re- 
ducing the  large  scale  maps  by  the  pantograph,  some  difficulty  was  ex- 
perienced in  causing  the  reduction  to  fall  into  its  proper  position  on  the 
general  map  ;  it  was  also  found  impossible,  becau.se  of  insufficient 
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"reach  "  in  the  pantograph,  to  reduce  directly  from  the  middle  por- 
tions of  the  large-scale  maps,  and  hast}^  pencil  tracings  in  strips  had  to 
be  made  for  this  purpose. 

The  boundar\^  map,  made  on  the  same  scale  as  the  general  map,  was 
in  no  wa}'  unusual,  except  that  all  survey-corners  were  platted  and  all 
distances  computed  by  coordinates. 


The  "  Cost  of  Surveys  "  which  follows  needs  no  explanations  beyond 
those  contained  in  the  statements  themselves  ;  the  cost  is  that  for  the 
surveys  alone,  excluding  all  other  work  done  : 

COST  OF  SURVEYS— BOTH  PAY  ROLLS  AND  INCIDENTAL 

EXPENSES. 

I.    TOPOGRAPHICAL  SURVEY— 3,944.17  ACRES. 


COST.  TOTAI^S. 

.Superi7i  te?idence. 

Pay  Rolls  only   I173  51 

R.  R.  Fare  and  Telegrams,  22.68  ;  Stationery  and  Post- 
age, 4.05   26  73  $200  24 

Bases. 

Pay  Rolls  : — Preparing  for  Measurement,  12.30  miles, 

at  16.90  |2o8  29 

Measuring  with  Steel  Tape,  12.30  miles,  at  7.97--    98  19 

Computing  Corrections,  12.30  miles,  at  4.88   59  98 

Measuring  Main  Base  Angles,  8  angles,  at  i.48___    11  86    378  32 

100^  Steel  Band-Chain,  4  ;  Thermometer,  .25   4  25 

Spring-balance,  .25  ;  tacks,  .20;  axes,  2   2  45       6  70    385  02 

Bejich  Marks. 

Pay  Rolls  : — Transferring  Elev.  from  Hammond,  9>< 

m.  run  3  times,  3>^  m.  run  once,  .64   20  33 

Establishing  B.M.'s  on  Tract,  56  B.M.'s  on  trees., 

.75   42  19     62  52     62  52 

Transit-Lines  for  Locati^ig  Contour- Levels. 

Pay  Rolls  : — Running  lines  with  parties,  134  miles,  5. 17,  692  47 

Errors  in  vStationing — Cost  to  correct   5  42 

Check-lines  on  vStationing   48  58 

Traversing  R.  R.'s — also  used  as  check  lines — 8.37 

miles,  4.85   40  53    787  00 

Transit-rent,  14.10;  transit-repairs,  1.40;  plumb-bobs, 

3-35   1885 

vSight-poles  (4),  8;  axes,  6  ;  tacks,  .20;  nails,  .32   14  52 

100^  vSurveyor's  Chain,  10.35;  Lath  for  station  stakes,  11,  21  35 

Red  chalk,  .10  ;  note  books,  2  ;  pencils,  .16   2  26 

Express  and  freight,  7   7  00     63  98    850  98 

Levels  for  Cojitouring . 

Pay  Rolls  : — Running  lines  with  parties  134  miles,  3.97,  53  r  27 

Errors  in  levels — Cost  to  correct   40  68  57195 

Flexible  rod,  4  ;  lumber,  oil  and  paint,  2.20   6  20 

Note  books,  16  ;  pencils,  .50   16  50     22  70    594  65 
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Topography ,  etc. 

Pay  Rolls  : — Meandering  river  on  ice,  6.8  miles  line, 

7.90   53  65 

Sketchinf^  ed^es  of  sloughs   71  80 

Sketching  buildings   i  72 

Rough  measurements  of  R.  R.  cuts  and  fills,  8.37 

miles,  r.45   12  14    139  31    139  31 

True  Meridian  by  Polaris. 

Pay  Rolls — Night  observations,  2  nights,  3.28   6  56 

Determining  local  mag.  decl   34       6  90       6  90 

Soundings,  etc. 

Pay  Rolls  : — S'd'g  river  and  Hat  for  hard  l)()tt()m  and 

depth  of  water    27  49 

S'd'g  slough  for  hard  bottom  and  depth  of  water_  20  86 

Locating  and  examining  clay  beds   7  46 

Taking  samples  of  seepage-water   4  36     60  17 

Gas-pipe  rods  with  auger,  4.60;  express,  .85   5  45 

Bottles  for  seei)age-water,  .40   40       5  85      66  02 

Indexing  Notes. 

Pay  Rolls  only     10  00      10  00      10  00 

Perpetuating  Survey  {see  also  "  Boundary  Survey  "  ). 

Pay  Rolls  : — Setting  jiermanent  hubs  at  82  coordinated 

points  on  bases,  82  hubs,  at  .55   45  51 

Monumenting  standard  icx:)  ft   2  00 

Monumentiug  true  meridian   2  15 

Transferring  eleva's  to  monuments  and  marking 

same  on  48  monuments,  1.21   58  26 

Com])uting  coordinates  of  all  monuments  and  of 
above  ])ermanent  hubs  ;  and  recording  coordi- 
nates and  all  bench  marks  in  "  Book  A  "   20  17    128  09 

]Monument  for  true  meridian,  60  lb.  railroad  rail,  ^' 

long,  say   i  50 

Monument  for  standard  100  ft.,  60  lb.  railroad  rail,  4' 

long,  say   i  50       3  00    131  09 

Mapping  Survey. 

Pay  Rolls  : — (  i  )  8  sec.  maps,  scale  \"  =  100^  

Coordinating  paper,  500'  squares,  3^   20  00 

Platting  field-notes,  41.2%   278  04 

Deducing  Contours,  24^   162  36 

Inking  contours  and  lines,  3.6^   24  59 

Lettering  and  numbering  in  ink,  at  ToUeston, 

155-37;  at  Chicago  (7  titles),  21.75;  26.2%__  177  12 

Final  cleaning  with  bread,  etc.,  2   12  00    647  11 

(2)  General  map,  scale  1^^  =  400^  

Coor.  paper,  1000  squares  ;  and  platting  R.  R.  and 

sec.  lines,  12%   21  49 

Reducing  contours  in  pencil,  mainly  by  panto- 
graph, 38-5^'^--   69  32 

Inking  and  numbering  contours,  13^   23  75 

Inking  R.  R.'s  sec.  lines,  etc.,  11^   20  06 

Title,  etc.,  by  a  draftsman  in  Chicago,  23%   41  25 

Final  cleaning  with  bread,  2.5%   4  20  18007 

Office  rent,  14,  and  repairs,  2.50  ;  fuel,  4.05  ;  drawing- 
boards,  27.48   4S  03 

Muslin,  .76,   drawing-paper,   31.76;    India  ink, 

etc.,  I  ;  pencils,  .60   34  12 

Rubber,  .40;  pantograph,  15;  curve  pen,  1.58; 

bread,  1.75   18  73 

R.  R.  fare  and  expenses,  12.98  ;  express  charges,  5_    17  98    118  86    973  04 

Total  Cost  of  Topographical  Sur\-ey   |3,4I9  77 
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2.    BOUNDARY  SURVEY— 3,944. 17  ACRES. 

COvST.  TOTALvS. 

S2iperintendence , 

Pay  Rolls  only  ^iS6  68 

R.  R.  fare,  telegrams,  etc   9  22  $195  90 

Field  Work. 

Pay  Rolls: — Establishing  missing  corners,  etc.,  14.7 

miles  of  sec.  line,  at  39.18  574  90 

Locating   corners,    mainly  from  "bases",  14.7 

miles  of  sec.  line,  4. 11  '   60  43 

Moniimenting  corners,  14.7  miles  of  sec.  line,  7.15.  104  99 
Legalizing  sur\-ey — inspecting  corners  with  county 
sun'eyor  after  determining  them — 14.7  miles 

of  sec.  line,  2.98   43  80    784  12 

100^  steel  band-chain,  4  ;  transit  rent,  10.90  ;  axes,  5.05..    19  95 
Tacks,  .15;  lath  for  stakes,  1.22  ;  note  books,  1.82  ; 

pencils,  .15  _   3  34 

Monuments  for  survey  corners — 41  R.  R.  rail,  4^-60,  lb. 

at  say  1.50;  6  stone,  say  6^^  x  6^^-4'',  atsa3-3__    79  50    102  79    886  91 

Mapping ,  etc. — i  map,  scale  i"  =  ^oo' . 

Pay  Roll  : — Drawing  of  map,  41.7  9r   36  80 

Computing  acreage,  14%   12  33 

Statements  of  monuments,  etc.,  for  filing  at 
county  seat  ;  copy  of  .same  in  ' '  Book  i  ' '  for 
proprietors  ;  and  tracing,  1^^  —  Soo^,  for  filing 

at  county  seat,  44.3%   39  03     88  16 

Drawing  paper,  3;  bread,  etc.,  .25   3  25 

Notary's  fees,  .50  ;  publication  of  survxy  notice,  3.6o_      4  10       7  35     95  51 

Total  Cost  of  Boundary  Survey   |i,i78  32 

Note. — Under  head  of  "  Pay  Rolls  "  in  Statement  of  Cost,  are  included  the 
following  special  charges  : — 

Topographical  Survey. 

Team  hire — on  bases,  6  ;  on  transit  lines,  10  |;i6  00 

Boat  hire,  on  transit  lines   i  00 

Draftsman  in  Chicago,  84  hours  at  .75   63  00  |;8o  00 

Boundary  Survey. 

Team  hire — on  monumenting  corners,  2.75  ;  on  legal 

.survey,  2   4  75 

Boat  hire,  on  e.stablishing  corners   i  00 

County  Surv^eyor,  identifying  corners  (not  "  legalizing 

survey  " )  4  days  at  10   40  00  45  75 

The  item  of  "  Superintendence  "  in  above  Statement  of  Cost  is  the  salary  of  the 
writer  only  while  supervising  the  labor  of  others,  without  himself  taking  any  vis- 
ible part  in  performing  the  actual  work. 

The  wages  paid  during  survey  were  as  follows  : — Transitnien,  ^80  per  month  ; 
levelers,  I65  per  month  ;  rodmen,  per  month  ;  head  chainmen,  |i5o  per  month  ; 
all  other  field  men,  $1.50  per  day  ;  draftsmen,  i  at  $85  per  month  ;  others  at  $60 
per  month. 

The.se  wages  were  total,  no  board  or  traveling  expen.ses  (except  on  bu.siness  er- 
rands) being  paid. 
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COST  OF  SURVEYS— SYNOPSIS. 

I.    TOPOGRAPHICAL  vSURVEY— 3,944. 17  ACRE:vS. 

COST. 

TOTAI..    PKR  ACRE,  f 

Superintendence  |2oo  24    |b  051  82 

Bases   02        097  15  7 

Bench  Marks   62  52        016       2  6' 

Transit  lines  for  locating  Contour  levels*   850  98         216  348 

Levels  for  Contouring*   594  65         151  24  3 

Topography,  etc.*   139  3i         035  5  7 

True  Meridian  *   6  90        002  o  3 

vSoundings,  etc.   66  02        017  27 

Indexing  Notes   10  00        002  o  4 

Perpetuating  vSurvey   131  09        033       5  3 

Total  vSurveying  $2,446  73    |o  620  100% 

Mapping— 8  Section  Maps   $674  11    |o  171      69  3 

I  General  Map   180  07        046      18  5 

Incidentals   118  86        030  122 

Total  Mapping  I937  04    |o  247  100% 

Total  Topographical  Survey  $3, 4^9  77    $0  867 

*NoTR. — These  lines  and  levels  did  not  extend  over  the  river-flat  (containing 
314  acres)  and  a  more  accurate  cost  per  "  acre  covered  "  would  be  : 
Transit  lines  =  |;85i      3630  acres  =  10.235. 
Levels  - 1595  -i-  3630  acres  -  |o.  164. 
Topography  —  $86  -i-  3630  acaes  :=  ^0.024. 

2.    BOUNDARY  SURVEY— 3,944. 17  ACRES. 

COST. 

TOTAL.    PER  ACRE.  $ 

Superintendence  |i95  90    |o  050      16  6 

Field  Work   886  91     o  225      75  3 

Mapping,  etc   95  51     o  024       8  i 

Total  Boundary  Surv^ey  $1,178  32    |b  299  100^ 

FINAL  SUMMARY  OF  COST. 

TOTAL.  PER  ACRE.     <^  $ 

Topographical  Siu^vey. 

Sur^^eys  : — Pay  Rolls  $2,317  77 

Other  Expenses   128  96    $2,446  73    $0  620    71  5 

Maps  :— Pay  Rolls   854  18 

Other  Expenses   118  86        973  04     o  247    28  5 

Total  Cost  Top.  Sur\'ey   $3,419  77    $0  867  100%      74  4 

Boimdary  Survey. 

Field  Work  :— Pay  Rolls   $970  80 

Other  Expenses   112  01    $1,082  81    $0  275    92  o 

Maps,  etc  :— Pay  Rolls   8816 

Other  Expenses   7  35         95  51     o  024     8  o 

Total  Cost  Boundary  Sur\^ey__  $1,178  32    $0  299  100^      25  6 

TotBl  Cost  of  Surv^eys   $4,598  09    $1  166  100% 
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In  conclusion,  the  writer  does  not  mean  to  recommend  the  methods 
used  in  this  survey  for  general  adoption,  at  least  not  the  combination  of 
them  here  described.  He  has  seen  very  few  tracts  of  land  which  could 
not  be  surve3'ed  and  mapped  b\'  much  quicker  and  cheaper  methods; — 
but  this  paper  is  offered  as  a  description  of  vvhat  still  seems  to  him  the 
quickest  and  the  cheapest  way  of  obtaining  such  maps  of  this  special 
tract  as  would  make  it  possible  to  best  adapt  the  tract  to  the  uses 
proposed. 

These  very  complete  maps  have  been  so  far  of  no  use,  as  the  Union 
Stock  Yard  Company  compromised  with  Armour,  Swift  &  Morris  in 
September,  1891,  and  these  packers  agreed  to  remain  at  the  Chicago 
Stock  Yards.  The  writer's  connection  with  the  tract  terminated  in 
September,  1891,  his  work,  in  addition  to  the  surveys,  including  studies 
for  canal,  harbor,  harbor  entrance,  docks,  grading,  etc.,  and  finally  a 
partition  of  the  tract  between  Armour,  Swift,  and  Morris,  and  the  Union 
Stock  Yard  Company. 

It  may  seem  that  this  description  of  a  comparatively  small  survey  is 
given  in  too  great  detail — but  the  writer  can  only  repeat  what  he  has 
already  said,  that  he  believes  it  should  be  of  much  interest  to  at  least 
the  younger  members  of  the  Association. 


DESCRIPTION  OF  THK  METHOD  OF  GAUGING  THE  DIS- 
CHARGE THROUGH   THE  OUTLET  OF 
HEMUOCK  LAKE,  N.  Y. 


JOHN  F.   SKINNER.  C.   E  ,  '90. 

Hemlock  Lake  is  the  source  of  water  sup])ly  for  the  City  of  Rocliester, 
N.  Y.  Its  outlet  is  a  shallow  stream  which  enlarges  into  a  long,  shal- 
low mill  pond  about  half  a  mile  below  the  foot  of  the  lake. 

It  was  desired  to  ascertain  the  discharge  of  the  lake  through  its  out- 
let at  different  elevations  of  the  lake  surface. 

A  highway  bridge  crosses  the  outlet  at  the  foot  of  the  lake,  and  a  little 
below  a  plank  channel  was  constructed  26  feet  wide  on  the  bottom  with 
ij4  to  I  side  slopes,  and  96  feet  in  length.  Its  l)ottom  is  at  an  elevation 
of —  1.00,  zero  being  taken  at  mean  low  water  or  the  elevation  at  which 
discharge  through  the  outlet,  begins.  At  the  upper  end  of  the  channel 
and  resting  on  the  bottom  a  i2x  12-inch  timber  crosses  it  from  side  to 
side  and  retains  the  earth  of  the  natural  stream  bed  above.  Eight  (8) 
feet  up  stream  from  the  lower  end  of  the  channel  is  placed  a  weir  0.98 
feet  high,  with  a  crest  2  inches  wide.  The  elevation  of  wier  crest 
is  —0.02  ;  hence,  in  general,  when  water  is  running  through  the  outlet 
the  weir  is  submerged.  Vertical  stop-planks  or  needles  are  provided, 
by  means  of  which  the  opening  at  the  weir  can  be  contracted  to  a  length 
of  10  feet.  A  light  bridge  spans  the  lower  end  of  the  channel  and  its 
trusses  form  the  frame  of  a  housing  in  which  the  stop-planks,  floats, 
etc.,  are  kept,  when  not  in  u.se 

On  the  outside  of  this  housing,  facing  up  stream,  each  foot  width  of 
channel  is  marked  and  numbered  conspicuousl3\  each  way  from  the 
center  ;  corresponding  numbers  are  marked  on  the  highway  bridge 
above  mentioned  so  that  when  a  float  is  liberated  an  observer  on  the 
bridge  can  line  it  in  laterall}-  to  the  nearest  half  foot. 

Wires  are  stretched  across  the  channel  at  known  distances  apart  and 
another  observer  who  throws  the  floats  in  alcove  the  first  wire  notes 
their  passage  of  the  initial  and  terminal  wires  with  a  stop-watch,  calling 
to  the  observer  on  the  bridge  so  that  he  may  note  their  lateral  positions 
at  the  instant  of  passing  under  each  wire.  As  the  velocity  is  not  great, 
one  observer  can  use  two  stop-watches  and  observe  two  floats  at  a  time 
by  starting  one  a  little  in  advance  of  the  other. 
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Four  persons  are  required  in  making  a  gauging  ;  the  two  observers 
already  mentioned,  a  third  who  with  a  hook  gauge  reads  the  elevation 
of  the  lake  surface,  the  water  surface  in  the  channel  above  the  sub- 
merged weir  and  in  the  slack  water  below  the  weir,  and  who  also 
observes  floats  along  the  sides  of  the  channel  where  the  velocity  is 
small,  and  a  fourth  person  who  rescues  the  floats  just  before  they  reach 
the  weir. 

The  floats  are  cylindrical  wooden  rods  1.9  inches  in  diameter,  and 
loaded  so  as  to  float  vertically  and  almost  entirely  submerged.  As  they 
are  used  repeatedly,  the}'  are  painted  to  prevent  water  soaking.  They 
are  of  various  lengths,  and  the  longest  ones  which  will  float  without 
dragging  on  the  bottom  are  selected  for  each  experiment.  It  is  assumed 
that  these  floats  give  the  mean  velocities  in  the  vertical  planes  in  which 
they  travel. 

The  following  gauging  was  made  May  24,  1897  ' 

The  stop-planks  were  in  position  on  the  sides  of  the  channel,  leaving 
an  opening  10  feet  wide  at  the  submerged  weir. 

Wires  were  stretched  squarely  acro.ss  the  channel  and  located  as  fol- 
lows :  The  first,  63  feet  up  stream  from  the  weir  ;  the  second,  15  feet 
down  stream  from  the  first,  and  the  third,  10  feet  down  stream  from  the 
second. 

Runs  were  generally  15  feet  from  first  to  second  wire,  some  were  10 
feet  from  second  to  third  wire,  and  some  were  25  feet  from  first  to  third 
wire.    All,  however,  were  reduced  to  the  basis  of  a  25  foot  run. 

As  the  water  surface  was  not  quiet,  maximum  and  minimum  readings 
were  taken  to  determine  the  mean  elevation.  The  mean  of  forty  read- 
ings gave  the  elevation  of  lake  surface  -f  1.362.  The  mean  of  forty 
readings  gave  the  water  surface  in  the  channel  above  the  submerged 
weir  +  1-333  2.333  ^^^^  above  the  bottom  of  the  channel,  and  the 
same  number  of  readings  gave  the  elevation  of  the  water  surface  below 
the  weir4-  1.171  or  2. 171  feet  above  the  bottom  of  the  channel. 

As  there  was  considerable  silt  in  the  channel,  soundings  were  taken 
as  shown  in  Table  I. 

Width  of  water  surface  in  channel  above  weir  =  26  +  (3  x  2.333)  — 
33.00"  feet. 


10 
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TABLE  I. 


Xyl»Ld,IH_C  111 

PVet  Right  or 
Left  from 
center  of 

V^lldllllCl. 

Depth  of  Water  in  Feet. 

First 
Wire. 

Second 
WMre. 

Third 
Wire. 

Mean 
Section. 

T       r-r\    1  tiff 

10.50  Icll, 

0.00 

0.00 

0.00 

0.00 

14.05 

1. 10 

1 . 10 

14 

O.QQ 

1.20 

1. 18 

1  OX 

1.26 

I  x6 

T  Ot 

12          '  * 

I.OQ 

1.27 

I  2«; 

1 1  * 

I  I 

I  "^O 

T  Id 

10  " 

I.  1"^ 

1.27 

1.42 

I  27 

9 

1.20 

1.^8 

1.46 

0 

1. 41 

1.67 

7  " 

I  48 

1.4/ 

T  70 

T  CI 

^•o3 

D 

I  «;6 

I  t;! 

1.50 

5  " 

1.62 

1.77 

1.67 

4 

1.74 

1.66 

1.8^ 

I  72 

3  1' 

1.78 

1.68 

1.78 

^  •  1 0 

2 

1.90 

1.76 

1.88 

1.82 

1 .90 

1.87 

»  0  ^ 
1.85 

1.89 

0  center. 

1.96 

1. 81 

1.76 

1.83 

2.00 

1.86 

1.87 

1.90 

2.07 

1.92 

1.89 

1-95 

3 

2.07 

1-95 

1.92 

1.97 

4 

2.12 

2.00 

1.90 

2.00 

5 

2.13 

2.00 

1.98 

2.03 

6 

2.14 

2.07 

2.02 

2.07 

7 

2.15 

2.05 

2.07 

2.08 

8 

2.12 

2.04 

2.03 

2.06 

9 

2. 12 

2.05 

1.99 

2.05 

10  " 

2.06 

2.00 

2.00 

2.01 

II  " 

2.04 

2.00 

1.97 

2.00 

12  " 

1.96 

1.96 

1.98 

1.99 

13 

1.85 

1.92 

1.90 

1.90 

13-85  " 

1.76 

16.50  " 

0.00 

0.00 

0.00 

0.00 

Two  hundred  and  forty-five  (245)  floats  were  observed,  and  their 
times  are  plotted  in  Fig.  i  as  ordinates.  A  mean  time  curve  was 
drawn  and  ordinates  of  this  curve  at  each  foot  width  of  mean  cross- 
section  of  channel  are  given  in  Column  2,  of  Table  II.  Column  4  gives 
areas  of  vertical  strips  i  foot  wide  into  which  the  entire  cross-section  is 
divided.  Column  3  is  the  mean  velocit}'  in  each  strip,  corresponding  to 
the  ordinate  of  the  time  curve  through  the  center  of  gravity  of  each 
strip  of  area.  Column  5  contains  the  discharge  through  each  of  said 
strips. 
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TABLE  II. 


Distance  in 
Feet  Right  or 
Left  from 
Center 
of  Channel. 

16.50  left. 

14.96  " 

14 

13 

12  " 

II  " 

10  " 

9 
8 

7 
6 

5 
4 
3 

2  " 
I 
o 
I 
2 
3 
4 
5 
6 

7 

8 

9 
10 
II 
12 
13 

13-97 
14.94 

15.83 
16.50 


Ordinate  of 
Time  Curve  t. 
(in  seconds  for 

25  ft.  run.) 


center 
right 


Mean  Velocity 
in  Vertical 

V.-.25 
t 

(ft.  per  sec. ) 


Area  of  vStrip 
I  foot  wide. 
A. 
(.sq.  ft. 


Discharge 
Q-Av. 
(cu.  ft.  per 
sec. ) 


Total  for  entire  cross-section 


53-03 


29.9226 


The  mean  velocit}'  for  entire  cross-section  —  ^9-9^^6  _  q^^^^  s^^^^  p^j. 

53-03 

second.  By  inspection  of  Table  II,  it  will  be  seen  that  the  maximum 
of  the  mean  velocities  in  the  various  strips  is  0.78  feet  per  second  ; 
hence  the  ratio  of  mean  velocity  in  the  entire  cross-section  to  maximum 
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mean  velocity  therein  =  ^'5^'+  =  0.7233.    The  wet  perimelerof  tlie.sec- 

0.78 

tion  =  3^  86  feet,  and  the  hydraulic  mean  radius  =  ^j^-^  =  i  57  ft. 

33  86 

Figure  5  illustrates  the  conditions  at  the  submerged  weir. 


FIG.  5. 

Francis'  formula  for  submerged  weirs,  (neglecting  end  contractions) 
i-  -.—Q  3-33  I  s/h,  —  h.,  +  o  38  ;/^)  ;  and  with  /  =  ro  ;  /^,  = 
1-353  :  =1  19'  :  (h,  —  h.,)  =  o.  162  we  have  O  3.33  X  10  X  \/o.i62 
(i  353  +  o  454  )  =  24  22  cubic  feet  ])er  second. 

Bornemann's    formula    fr^r    submerged    weirs    is:  —  ^  ^ ^  X  5  35 

y//i^—Jijh^  +  0.5//.,;  in  which  /x  =  [^o  70?  —  o  2226  ^^''1  "    i  +  o  1845 

Sub -tiiuti ng  the  above  values  for  /.  h^  and  //„  in  the  latter  expression 

we  have /X  =  To  702  —  0.2226    /o  162  4.  0.1845  X  (  ^        V]  0817, 
^  ^10  ^-1-353  ^  J 

whence  ^=  0.817  X       ^  5.35  v^ori62  (  i  353  +  )  =3+-28cubic 

feet  per  second. 

It  will  be  seen  that  the  float  measurement  gave  a  discharge  of  29  92 
cul)ic  feet  per  second,  while  the  weir  formulas  gave  in  one  case,  24.22 
and  in  the  other,  34.28  Evidently  when  accepted  formulas  differ  so 
widely,  the  conclusion  to  be  flrawn  is  that  they  are  not  applical)le  to 
the  case  in  hand,  where  (/^,  —  h,)  is  small  relative  to  the  length  of  the 
weir  ;  also  where  the  crest  and  ends  of  the  notch  are  not  cut  from  a 
theoretically  thin  plate,  thus  making  the  contractions  imperfect  ;  also 
where  the  mo.st  perfect  appliances  are  not  available  for  accurate  ob- 
servation of  the  elevation  of  water  surface,  and  where  the  surface  is  con- 
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stantly  oscillating,  due  to  waves  in  the  lake  and  gusts  of  winds  on  its 
surface. 

x\iiother  gauging  was  made  June  3,  1897  5  280  floats  were  observed 
and  their  times  were  plotted  as  shown  in  Figure  2.  In  this  case  the 
stop-planks  were  removed,  giving  an  unobstructed  channel.  The  fol- 
lowing results  were  obtained  b}'  a  method  identical  with  the  case 
described  above  :  — 

Mean  elevation  of  lake  surface  for  the  day  -f-  1.080  ;  mean  elevation 
of  water  surface  in  the  channel  above  the  submerged  weir  +  1.039  ;  area 
of  mean  cross-section  of  channel,  46.24  square  feet;  discharge,  25.75 
cubic  feet  per  second  ;  mean  velocit}'  in  entire  cross- section,  0.56  feet 
per  second  ;  maximum  of  the  mean  velocities  in  the  various  strips,  0.71 
feet  per  second  ;  ratio  of  mean  velocity  in  entire  cross  section  to  maxi- 
mum mean  velocit\'  therein.  0.789  ;  wet  perimeter,  32.91  feet  ;  hy- 
draulic mean  radius,  1.41  feet. 

On  June  1897,  ^^^'^  g^^^gi^gs  were  made,  one  in  the  forenoon  with 
the  stop-planks  removed,  and  one  in  the  afternoon  with  the  stop-planks 
in  place,  thereby  reducing  the  channel  to  a  width  of  10  feet  at  the 
weir.  One  hundred  and  four  floats  were  observed  in  the  forenoon  and 
135  in  the  afternoon.  Their  times  were  plotted  and  are  shown  respect- 
ively in  Figure  3  and  Figure  4. 

Mean  elevation  of  lake  surface  for  the  day  -}-  0.932  ;  mean  elevation 
of  water  surface  in  the  channel  above  the  submerged  weir  in  the  fore- 
noon-f  0.900;  mean  elevation  of  water  surface  in  the  channel  below 
the  submerged  weir  in  the  forenoon  +  0.893  ;  ^^^^  mean  cross- 
section  of  channel,  44  65  square  feet  ;  discharge,  21.19  cubic  feet  per 
.second  ;  mean  velocity  in  entire  cross-section,  0.47  feet  per  second  ; 
maximum  of  the  mean  velocities  in  the  various  strips,  0.63  feet  per  sec- 
ond ;  ratio  of  mean  velocity  in  entire  cross-section  to  maximum  mean 
velocity  therein,  0.745  ;  wet  perimeter,  32.49  feet  ;  hydraulic  mean 
radius,  1.37  feet. 

In  the  afternoon  : — Mean  elevation  of  water  surface  in  the  channel 
above  the  submerged  weir,  +0.904  ;  mean  elevation  of  water  surface 
in  the  channel  below  the  submerged  weir,  +0.796  ;  area  of  mean  cro.ss- 
section  of  channel,  43.17  .square  feet  :  discharge,  18.32  cubic  feet  per 
second  ;  mean  velocity  in  entire  cross-section,  0.42  feet  per  second  ; 
maximum  of  the  mean  velocities  in  the  various  strips,  0.55  feet  per 
second  ;  ratio  of  mean  velocity  in  entire  cross-section  to  maximum 
mean  velocity  therein,  0.80  ;  wet  perimeter,  32.42  feet  ;  hydraulic  mean 
radius,  1.33  feet. 

By  inspCL^tioii  of  t  ie  diagrams  it  will  be  seen  that  the  time  curve  is 
irregular  and  influenced  by  a  number  of  conditions. 
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When  the  stop-planks  are  in,  the  flat  central  portion  of  the  curve  is 
is  narrower,  showing  that  the  niaxinmni  velocit}'  is  closely  confined  to 
the  center  of  the  channel. 

In  the  diagrams  an  elevation  in  the  time  curve  occurs  near  the  right 
side.  This  is  caused  by  a  diminished  current,  due  to  a  sand  bar  formed 
near  the  head  of  the  channel  and  a  little  distant  from  the  right  bank. 
The  disparity  between  results  which  might  be  obtained  from  single 
observations  can  be  readily  seen  by  noting  the  different  times  of  floats 
in  the  same  vertical,  often  differing  by  one  hundred  per  cent.  Again, 
as  the  time  curve  is  irregular,  it  becomes  necessar}'  to  define  it  by  ob- 
serving floats  in  a  great  many  verticals  of  the  cross-section.  Hence  it 
is  needful  to  observe  as  large  a  number  of  floats  as  possible  in  as  many 
verticals  as  possible,  and  it  is  well  to  have  the  gauging  extend  over  a 
considerable  period  of  time,  for  Ihe  conditions  are  constantly  varying. 
A  little  wind  up  or  down  the  channel  will  induce  a  surface  current 
which  will  retard  or  accelerate  the  velocity  of  the  float,  and  with  a  gust 
of  wind  blowing  across  the  channel,  a  float  may  be  carried  from  the 
side  to  a  position  near  the  center,  where  the  velocity  is  greater,  or  vice 
versa. 

When  the  water  is  low,  the  greatest  eccentricity  exists  in  the 
behavior  of  the  floats.  On  one  side  the  current  may  be  running  up 
stream,  in  which  case  the  negative  as  well  as  the  positive  quantity 
must  be  computed,  the  discharge  being  their  algebraic  sum. 

In  justification  of  this  method  of  gauging  shallow  streams  it  may  Ije 
said  that  the  floats  were  here  more  convenient  than  a  current  meter, 
where  so  many  different  j^ositions  and  ob.servations  are  required,  and 
where  the  water  carries  at  times  much  matter  in  suspension  by  which  a 
current  meter  would  soon  become  clogged  and  useless. 

The  submerged  weir,  under  small  heads,  has  been  showm  to  be  un- 
reliable ;  and,  finally,  in  the  method  described  no  empirical  formula 
whatever  is  used  in  the  calculation.  Experiments  were  made  last  sum- 
mer and  they  are  being  repeated  this  year,  but  not  enough  results 
have  as  yet  been  obtained  to  warrant  the  formulating  of  an}^  law  of  the 
relations  existing  between  the  discharge  and  the  hydraulic  mean  radius, 
mean  velocity  or  center  velocity. 


BRICK  PIERS 


RESULTS  OF  TESTS  MADE  IN  THE  LABORATORY  OF  THE  COLLEGE  OF 
CIVIL  ENGINEERING,   CORNELL   UNIVERSITY,  1897-8/'^ 

The  following  tests  were  made  with  the  object  of  determining  the  re- 
sistance to  crushing,  offered  b}'  piers  of  common  building  brick  laid  up 
in  the  ordinary  manner  of  brick  walls. 

The  brick  used  were  manufactured  at  Newfield,  N.  Y.,  and  were  of 
medium  hardness  and  of  light  buff  color.  Two  lots  were  used,  varying 
somewhat  in  hardness  and  are  designated  respectively'  as  No.  i  and 
No.  2.  The  mortar  used  in  construction  was  made  of  Portland  cement. 
Giant  brand,  and  was  mixed  with  clean  sharp  sand  in  the  proportion 
of  1:2. 

For  testing  the  strength  of  the  mortar,  two  sets  of  briquettes  were 
made.  The  first  set  (11  briquettes)  was  made  of  mortar  quite  wet,  and 
the  briquettes  were  allowed  to  harden  in  air  for  two  days  and  were  then 
kept  in  water  for  a  period  of  98  days.  The  average  of  the  11  tests  gave 
an  ultimate  tensile  strength  of  206.5  1^^-  P^^  square  inch. 

The  second  set  (18  briquettes),  made  of  stiffer  mortar,  was  allowed  to 
h  irden  one  day  in  air,  and  94  days  in  water. 

An  average  of  the  18  tests  gave  a  tensile  strength  of  226.8  lbs.  per 
square  inch.  An  average  of  these  two  results  was  taken  as  represent- 
ing the  strength  of  the  mortar,  tlie.  figures  being  219.  i  lbs.  per  square 
inch. 

Tests  were  also  made  of  the  compressive  strength  of  single  brick  lying 
flat  and  properly  ])edded  with  plaster  of  paris  to  insure  an  even  bearing. 

An  average  of  four  tests  on  Brick  No.  i  indicated  an  ultimate  crush- 
ing strength  of  3,270  lbs.  per  .square  inch,  and  the  average  of  the  same 
number  of  brick,  No.  2,  showed  a  resistance  of  3.750  lbs.  per  square 
inch. 

The  piers  were  built  by  a  careful  l)ricklayer  and  were  set  aside  in  the 
laboratory  to  harden,  in  a  temperature  ranging,  probably,  between  60° 
F.  and  70°  F.  They  were  built  up  on  a  smooth  iron  plate,  and  when 
placed  in  the  machine  for  testing,  were  carefully  trued  up  with  building 

■^'These  tests  were  begun  and  part  of  the  material  furnished  by  Messrs.  H.  N. 
Ogden  and  C.  W.  Comstock,  instructors  in  this  College,  The  work  was  completed 
by  the  class  in  testing  materials  as  part  of  their  regular  laboratory  work  under  the 
direction  of  Mr.  E.  J.  McCau.stland. 
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paper,  and  the  top  of  tlie  pier  heckled  in  plaster  of  i)aris  jiiid  ;dlov^ied 
lime  to  harden 

The  machine  nsed  was  a  Riehle  of  100.000  lbs  ca])acit3'  and  the  lond 
was  api)lied  very  slowly  but  eontinuousl \  . 

The  piers  av^  ra^ed  about  13"  x  13"  in  section,  and  the  bond  showed  a 
whole  brick  and  a  half  brick  on  each  face,  the  center  having  been  filled 
with  a  half  brick  or  with  spawls  and  mortar.  The  general  method  of 
failure  was  b\-  sj)litting  in  long  irregular  vertical  cracks,  as  shown  in  the 
accompanying  view,  indicating  a  lack  of  tensile  strength  in  the  material. 
In  only  one  or  two  c;ises  was  there  any  evidence  of  actual  crushing  of  the 
brick,  and  in  those  cases  the  crushing  occurred  at  the  top  of  the  pier, 
and  was  probably  caused  by  a  lack  of  uniform  l)earing  in  the  machine. 

Pier  No  i.  The  failure  was  most  marked  at  the  center  of  the  pier 
and  tlie  cracks  followed  the  \  ertical  joints. 

Pier  No  2.  The  bottom  ten  courses  remained  intact  after  the  up])er 
part  had  comj)letely  failed. 

Pier  No.    3.     P'ailed  suddenly,  with  loud  report,  at  172000  lbs. 

Pier  No.    4.    Showed  careless  workmanship  in  construction. 

Pier  No.    6.    Cracked  from  bottom  up.    Two  top  courses  intact. 

Pier  No.  10.  Spalling  and  crushing  of  brick  after  maximum  load 
was  reached. 

Pier  No.  12.    Vertical  cracks  full  length.     Mortar  squeezed  out. 
Pier  No.  14.    Cement    crushed   out.    without    spalling    brick,  at 
108,000  lbs. 

Pier  No.  15.     Failure  confined  entirely  to  upper  half  of  pier. 

Pier  No.  17.    Cracks  did  not  follow  joints  to  any  extent. 

Pier  Nos.  i  to  6  were  made  of  brick  No.  i,  crushing  strength  3270 
lbs.  per  square  inch. 

Piers  Nos.  7  to  18  were  made  from  No.  2  Brick,  crushing  strength 
3,570  lbs.  per  square  inch. 

The  compression  for  Piers  Nos.  14,  16,  17  and  18  was  measured  be- 
tween bearing  blocks. 

No  visible  cracks  appeared  in  Nos.  13,  14,  15  before  the  ultimate 
load  was  reached. 

A  study  of  the  results  would  indicate  that  greater  strength  could  not 
be  obtained  b}^  the  use  of  better  mortar  or  of  brick  having  a  greater 
crushing  strength  mereh',  nor  by  shortening  the  pier  within  limits  as 
the  effect  of  length  is  not  apparent. 

A  set  of  experiments  is  under  wa\'  to  determine  the  effect  of  the  ten- 
sile strength  of  the  brick  upon  the  strength  of  the  pier,  and  also  the 
effect  of  increasing  the  lateral  strength  in  tension  at  intermediate  joints 
by  the  use  of  metal. 
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The  following  tal)le.  somewhat  modified  from  a  similar  one  presented 
in  a  laboratory  report  b}'  Mr.  W.  J.  Graves,  gives  in  a  condensed  form 
the  principal  facts  witli  reference  to  the  construction,  the  condition  of 
the  tests  and  the  method  of  failure  of  the  entire  set  : 
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Photo  Exhibiting  Method  of  Failure  of  Brick  Pier. 


SOME  REFERENCES  ON  RIVER  HYDRAUEICS. 


A  CLASSED.  BIBLIOGRAPHY. 
ELON  HUNTINGTON  HOOKER. 

Certain  articles  in  periodical  literature  are  included  as  well  as  books 
and  pamphlets,  the  references  being  arranged  in  chronological  order 
under  each  class.  In  man}'  cases  words  of  comment,  founded  upon  a 
personal  examination,  are  added  in  the  hope  of  indicating  the  field 
covered  by  the  book.  The  list  is  not  assumed  to  be  exhaustive.  It 
contains  the  important  articles,  in  this  field,  represented  in  the  libraries 
at  the  Ecole  des  Fonts  et  Chaussees,  Paris,  and  the  Zurich  Poly- 
technikum,  Switzerland. 


THEORY  OF  vSTREAM  FLOW. 

Bernard,  M.    "Nouveaux  principes  d'hydrauliqiie  appHques  particulierement 
aux  rivieres."    Text  4",  300  pp.    Paris,  1787.  Didot. 
A  resume  of  studies  on  the  theory  of  rivers  up  to  1787. 

Prony,  G.  Riche  de.  "  Recherches  sur  la  theorie  des  eaux  coiirantes."  Text 
12  X  15,  150  pp.  ;  60  pp.  plates.    Paris,  1804.    L'Iniperiale  Imprinierie. 

A  general  physico-mathematical  discussion  of  the  laws  of  flowing  water.     One  of  the 
classics  of  hydraulic  literature. 

GiRARD,  P.  S.  "  Essai  sur  les  mouvement  des  eaux  courantes  et  la  figure  qu'il 
convient  de  donner  aux  canaux  qui  les  contienment."  Text  40.  Paris,  1804. 
Imprimerie  de  la  Republique. 

A  theory  of  the  bed  of  least  resistance  founded  on  the  principle  that  a  water-course  is 
like  an  incompressible  elastic  chain. 

DubuaT-Nancay,  L.  G.  "Principes  d'hydraulique."  3  Vols,  in  8".,  3d  edition. 
Paris,  1 81 6.  Didot. 

One  of  the  classics  of  !:ydraulic  literature  ;  Volumes  I  and  II  deal  with  theoretical 
problems  in  river  flow. 

NavieR,  M,  "  Memoire  sur  les  lois  du  mouvement  des  fluides."  Pamphlet,  40. 
1822. 

Analytical  development  of  the  fundamental  differential  equations  for  the  movement 
of  water  and  for  water  in  equilibrium. 

Belanger.    "  Essai  sur  la  solution  de  quelques  problemes  relatifs  au  mouvement 
permanent  des  eaux  courantes. "    Text  40.    Paris,  1828.  Carilian-Goeury. 
An  application  of  Prony' s  laws  for  permanent  motion  to  numerical  examples. 
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Rennie,  G.    "On  the  friction  and  resistance  of  fluids."    Pamphlet,  40.  London, 

183 1. 

IvAHMEYKR,  J.  W.     "  Erfahrungsresultate  iiber   die  bewegung  des  wassers  in 
flussbetteii  unci  kanalen."    Text,  200  pp.    Braunschwieg,  1845.  G.Meyer. 
A  general  discussion  of  flow  with  original  derivation  of  formulte. 

VauthiER,  p.  and  L.  L.    "  Indication  somniaire  des  r^suUats  d 'experiences  faites 
a  Roanne  pour  I'dtude  de  quelque  consequences  de  la  formule  de  niouvenient 
permanent  des  eaux."    Pamphlet,  4*»,  lithogr.    Roanne,  1847. 
Experiments  in  canals  relative  to  the  waves  formed  below  an  orifice. 

BoiivEAU,  P.  "  Traite  de  la  mcsure  des  eaux  courantes."  Text  7  X  10,  400  pp. 
Plates.    Paris,  1854.  Mallct-Bachelieur. 

Detailed  discussion  of  formuUc  and  comijarison  with  experiment. 

HijBBE.  "  Verhriltniss  der  niittleren  tiefe  ziir  grossten  tiefe  im  querprofilen  sand 
fiilirender  .strome."  Zeitschrift  des  architekten  und  ing.-vereins  zu  Hanno- 
ver, Vol.  II,  1856,  p.  155. 

A  rule  for  determining  the  mean  depth  from  the  greatest  depth,  based  on  experiments. 

SaSvSK.  "  Uber  die  grundsrit/.e  /.ur  entwickehing  des  theoretischen  krumnunig.spro- 
fils  bei  regulirung  von  stromen."    Der  Civihngenieur,  Vol.  7,  1861,  p.  190. 

BouDiN.    "  De  I'axe  hydratiHqtie  des  cours  d'eau  contenus  dans  un  lit  prismatique, 
et  das  dispositifs  realisant  en  i)ratique  ces  formes  divenses."    Pamphlet,  8*». 
Paris  et  Gand,  1863. 
Mathematical  di.scussion. 

GrEBENAU,  Heinrich.  "  Theorie  der  bewegung  des  was.sers  in  flussen  und  kana- 
len."  Text  10  X  12,  300  pp.,  Atlas,  12  X  18,  50  pp.  Munich,  1867.  J.  Lin- 
dauersche  Buchhandlung. 

A  German  translation  of  Humphrey  and  Abbot's  work  on  the  Mississippi,  with  German 
criticisms. 

FouRNiE,  V.  "Resume  des  experience  hydrauliques  ex^cut^es  par  le  gouvem- 
ment  Americain  sur  le  Mississippi  et  remarques  sur  les  consequences  qui  en 
decoulent  relativement  a  la  theorie  des  eaux  courantes."  Text  40.  Paris, 
1867.  Dunod. 

Francis,  James  B.  "Lowell  hydraulic  experiments."  Text  12  X  15,  250  pp. 
Plates.    New  York,  1871.    Van  Nostrand. 

Flow  in  open  channels  of  rectangular  section,  over  weirs  and  through  submerged 
orifices. 

Gordon,  Robert.    ' '  A  discussion  of  a  new  formula  for  the  flow  of  water  in  open 
channels."    Pamphlet,  12  X  15,  50  pp.    Milan,  1873,  via  Lupetta,  7  and  9. 
An  adaptation  of  an  old  Italian  formula  based  on  measurements  in  Irrawaddy  river. 

KuTTER,  W.  R.  "Die  neuen  formeln  fiir  die  bewegung  des  wasser  in  kanalen, 
etc."  Texts  X  12,  160  pp.  Diagrams.  2d  ed.  Vienna,  1877.  R.  v.  Wald- 
heim. 

Comparison  of  the  formulae  of  Humphreys  &  Abbott,  H.  Bazin,  Ph.  Gauckler  and  Gan- 
guillet. 

GANGUILI.ET,  E.,  AND  W.  R.  KuTTER.  "Bewegung  des  wassers  in  kanalen  und 
flussen."    Text  5  X  7,  120  pp.    Diagrams.    Berne,  1877.    Lang  &  Co. 
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Nazzaxi,  IIvDEBRANDO.  "  Formole  empiriche  por  d'idraulica  sperimentate. " 
Pamphlet,  80.    Palermo,  1877. 

Development  of  a  formula  similar  to  that  of  Darcy  and  Bazin  for  flow  in  the  Po  and 
Tiber.    Least  squares  applied  to  the  correction  of  errors. 

BoussiNESO,  J.    "  Essai  sur  la  theorie  des  eaux  courantes."  Text  40.  Paris,  1877. 
Impr.  Nationale.    See  p.  600,  also  p.  160,  chapter  on  "  Le  tournant  le  rivieres." 
An  analytic  discussion  with  a  resume  of  theory  of  rivers  and  torrents. 

ScHLTCTiNG,  J.  "  Bottom  velocity  and  velocity  scale  of  rivers."  Van  Nostrand's 
Eng.  Mag.,  1877,  Vol.  17,  p.  375. 

Abstract  of  original  in  Zeitschrift  flir  Bauwesen. 

Ellis,  Emery,  Herschel,  Wood.  "Cause  of  maximum  velocity  being  below 
the  surface."  Discussion.  Trans.  Am.  Soc.  C.  E.,  Vol.  7,  May,  1878,  pp.  122- 
130. 

Francis,  J.  B.  "  Cause  of  maximum  velocity  being  below  the  surface."  Trans. 
Am.  Soc.  C.  E.,  May,  1878. 

Harder,  P.  E.  "  Die  theorie  der  bewegung  des  wassers  in  fliissen  und  kanalen.' 
Pamphlet,  150  pp.    Hamburg,  1878.    Otto  Meissner. 

Bed  resistance  and  wind  resistance  reduced  to  a  mathematical  basis. 

McMath,  R.  X.  Discussion  of  Eads'  criticism  of  Humphrey's  and  Abbott's  Re- 
port in  Van  Nostrand's  of  1878,  p.  211  ;  cf.  Abbott,  same  journal,  1879,  p.  i, 
and  McMath,  Eng.  News,  Feb.  28,  1878. 

MoCQUERY,  C.  "  Eaux  courantes. "  Basin  of  the  Upper  Saone.  Annales  des  Ponts 
et  Chauss^es,  1879,  2,  p.  219. 

Relation  of  discharge  to  the  different  observed  elements.    A  record  of  flood  heights. 

PlEnkner,  Wilhelm.    "  Die  bewegung  des  wasser  in  natiirlichen  wasserlaufen." 
Text  10  X  12,  75  pp.    Plates  and  diagrams.    Eeipzig,  1879.    Arthur  Felix. 
a  comparison  of  the  principal  formulae  for  flow  in  rivers. 

Wood,  De  Volson.  "  Flow  of  water  in  rivers."  Trans.  Am.  Soc.  C.  E.,  July  16, 
1897.    Van  Nos.  Eng.,  May,  1879,  P-  369. 

RuHLMANN.  References  to  experimental  results  on  flow  of  water  in  streams.  Cf. 
Riihlmann,  Hydromechanics,  (p.  411.) 

  Flow  of  water  in  canals  and  rivers. 

For  an  excellent  historical  sketch  of  the  different  formulae  and  their  relative  merits 
(Cf.  Riihlmann,  Hydromechanics,  p.  397,  etc.). 

BoiLEAU,  P.  "  Notions  nouvelle  d'hydraulique."  Text  4*'.  Versailles,  188 1.  2d 
Ed.  Rouce. 

A  theory  of  the  evaluation  of  the  inter-molecular  work  of  a  material  system. 

Stearns,  Fred  P.  "Why  is  maximum  velocity  in  an  open  channel  below  the 
surface?"    Trans.  Am.  vSoc.  C.  E.,  Vol.  12,  p.  331. 

A  theory  that  maximum  velocity  is  determined  by  motion  of  bottom  water  to  surface 
at  sides  and  toward  the  center  at  the  surface. 

BouSSiNESQ.    "  vSur  la  pression  moyenne,  en  chaque  point  interieur  de  la  espace 

occupe  en  liquide  agite."    Jour,  de  Math.  (3"  vSerie),  Vol.  IX,  Dec.  1883.  Also 

same,  pp.  430-443- 
II 


l62 


Association  of  Civil  Engineers  of  Cornell  University. 


Du  BoYvS,  P.    "  vSur  la  niarche  des  bateaux."    Aniiales  des  Fonts  et  Ch.,  Jan.  1886, 
pp.  199-242.    Also  same,  1886,  i,  650;  1886,  i,  944;  1886,  i,  530;  1886,  2,  830. 
why  boats  move  faster  than  the  mean  velocity  of  the  displaced  water. 

Berard,  M.  "  Marclie  des  Flotteurs  dans  les  courantes."  Annal.  des  P.  et  Ch., 
1886,  2,  830-835. 

Discussion  on  the  accelerated  velocity  of  floats. 

Manoug,  Bky.    *'  De  la  loi  des  vainatjons  des  pentes  superficielles  des  cours 

d'eau,  avec  application  au  Nile."    Panijjhlet,  4".    Cairo,  1886. 
A  law  for  the  curve  of  the  water  surface  above  a  dam. 

Smith,  HamiIvTon,  Jr.    "Hydraulics."    New  York,  1886.    John  Wiley  &  Sons. 

Du  Boys  and  OTHER.s.  Why  does  a  floatin<^  ship  move  faster  than  the  current  and 
so  much  the  more  rapidly  the  heavier  it  is  laden  ?  Cf.  Zeitschrift  des  Hannover. - 
ing.-vereins,  1887,  p.  628.  Deutsche  Bauzeitung,  1887,  No.  41,  pp.  243-244. 
Annales  des  Fonts  et  Chauss^es,  1886,  Dec,  pp.  830-835.  Also  Annales,  1887, 
Feb.,  pp.  266-268  ;  also,  1886,  i,  530  ;  1886,  i,  944  ;  1886,  i,  650  ;  and  1886,  Jan., 
199. 

Saint- Vknant,  Barri  dk.  "Des  Diverses  manieres  de  poser  les  Equations  du 
mouvement  vari^  des  eaux  courantes."    Pamphlet,  8".    Paris,  1887.  Dunod. 

a  synopsis  and  mathematical  discussion  of  the  different  equations  given  for  perma- 
nent and  non-permanent  motion. 

  "Resistance  des  fluides.    Considerations  liistoriques,  physiques,  et  pra- 
tiques."   Text  4«'.    Paris,  1888.  Didot. 

A  thorough  discussion  of  the  forces  acting  on  a  solid  immersed  in  a  liquid. 

Hering,  RUDOI.PH,  AND  Trautwine,  John  C.  "  F'low  of  water  in  rivers  and 
canals."  Translated  from  Ganguillet  and  Kutter.  Text,  250  pp.  Dia- 
grams,   New  York,  1889.    John  Wiley  &  Sons. 

Scheffi^er,  Hermann.  "Die  h3-draulik  auf  neuen  grundlagen."  Text  6  X  8, 
225  pp.    Leipzig,  1891.    Friedrich  Foerster. 

Pure  theory.  Application  of  the  principles  of  least  resistance  and  of  greatest  work. 

Reynolds,  Osborne.  "Experimental  channels."  British  Asso.  Adv.  Science. 
1891,  2  V.  Plates. 

HYDROMETRIC  OBSERVATIONS. 

"Woi^Tmann,  Reinhard.  "  Theorie  und  gebrauch  des  hydrometrischen  flugels." 
Text  60  pp.    Hamburg,  1790.  Hoffman. 

The  author's  description  of  his  hj-dronietric  wheel. 

Funk,  F.  E.  T.  "  Versuch  einer  auf  theorie  und  erfahrung  gegrundetur  darstel- 
sung  du  wichtigstur  lehren  du  h^'drotechnik."    Text  4°,  155  pp.   Berlin,  1820. 

Discussions  and  experiments  on  hydrometry  and  flow.    Methods  of  determining 
mean  velocity  and  resistances. 

BoRNEMAN,  K.  R.    "  Hydrometrie  oder  praktische  anleitung  zum  wassermessen." 
Text,  Freiburg,  1849.    J.  G.  Engelhardt. 
A  general  treatise  on  theoretical  hydraulics. 
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HuBBE,  Heixrich.  "  Erfahrungeii  und  beobachtungen  im  gebiete  der  strombau- 
kunst."  Text  8  X  12,  100  pp.  Plates.  Hamburg,  1853.  Perthes-Besser  & 
Mauke. 

Statistics  of  measurements  in  German  rivers. 

Grebenau,  H.  "  Die  Rheinstrom-messung  bei  Basel."  Text  12  X  15,  80pp.  with 
17  tables  and  diagrams.    Mmiich,  1873.  Lindauer. 

Report  on  the  international  measurements  on  the  Rhine  at  Basel  in  1867. 

Harlacher,  a.  R.  "  Bericlit  iiber  li3'drometrischeii  arbeiten."  Text  12  X  15,  100 
pp.    Diagrams  and  profiles.    Prag,  1880.    A.  Hasse. 

Tables  of  results  of  the  stream  gauge  observations  in  1875-76  in  the  Moldau  and  Elbe. 

  "  Hydrometrisclien  apparate  und  metlioden."    Text  12  X  16,  60  pp.  with 

many  cuts.    Leipzig,  i88r.    Arthur  Felix. 

A  description  of  the  author's  apparatus  and  stream  measurements  in  the  Rhine  and 
Danube. 

  '"Die  messungen  in  der  Elbe  und  Donau  und  die  hydrometrisclien  appa- 
rate und  methoden  des  verfassers."  Text  15  X  18,  75  pp.,  50  wood-cuts.  Leip- 
zig, 1 88 1.  Felix. 

Detailed  description  of  the  hydrometric  wheel  and  its  use  in  the  Elbe  and  Danube. 

Wagner,  Johannes.  "  Hydrologische  untersuchungen  an  der  Weser,  Elbe, 
Rhine,  etc."  Text  12  X  15,  50  pp.,  many  fine  cuts,  Brunschwieg,  1881.  Goe- 
ritz  &  Piitlitz. 

a  de.scription  of  new  instruments  and  apparatus, 

Nazzani,  Ildebrando.  "  Misin-a  di  velocita  nel  Tevere."  Text  100  pp.  and 
plates.    Rome,  1882. 

Improvement  of  the  Mississippi  river."  Forty-fifth  Congress,  2d  Session,  Report 
No.  714,  House  of  Rep.,  May  3,  1878. 

HarIvACHER,  a.  R.  "Die  hydrometrischen  arbeiten  in  der  Elbe  bei  Tetschen." 
Text  12  X  15,  25  pp.  .  Plates  and  diagrams.  Prag,  1883.  Hydrographischen 
Commission. 

A  detailed  de.scription  of  the  E'be  measurements. 

  "  Hydrographie."    Pamphlet,  55  pp.    Plates.    Prag,  1884. 

  "  Methoden  und  apparat. "    Text  55  pp.    Plates.    Prag,  1884. 

  "  Mittheilungen  iiber  eine  einfache  erniittelung  der  abflussmengen  von 

fliissen  "  und  "  iiber  die  vorherbestimmung  der  wasserstande."  Text  14  X  20, 
13  pp.,  3  pp.  plates  and  profiles.    Vienna,  1886.    R.  v.  Waldheim, 

THE  SUSPENvSION  OF  SEDIMENT. 

Bouniceau.    "Temperature  and  vSedimentation."    "  Etude  sur  la  navigation  des 
rivieres    marees."    Quoted  Proc.  I.  C.  E.,  66,  5. 
Deposition  of  silt  less  in  winter  than  in  summer. 

HuMpnRp:Y  AND  Abbott.  "  vSediment  carried  by  the  Mississippi."  Humphrey's 
and  Abbott's  Report,  p.  133  (new  ed. ) 
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Baumgarten.    "Solid  discharge  of  the  Garonne."    Annales  des  P.  &  C,  1848, 

pp.  46-48. 

Brown,  Andrew.    "  Sediment  observations."    Proc.  Am.  Assoc.  Adv.  Sci.,  1848. 

lyight  hinders  precipitation. 

Gras,  vScipion.    "  vSaturation."    Annales,  1857,  2,  ]>.  16.    Du})uit,  p.  222.  Etudes 
sur  les  niouvenient  des  eaux, 

BiyACKWKivL  AND  vShki^kord.    "  Transporting^  power  of  water."    Proc.  Inst.  C.E., 
Vol.  82,  pp.  47-50. 

size  of  particles  increa.ses  with  velocity. 

"  Muds  discharged  by  the  river  Doubs."    Annales  des  ponts  et  chaus.sees,  i860,  2, 
p.  374- 

HuBBE  AND  Erbkam.    "  Beweguug  des  saudes  in  strom  und  wellen."  Zeitschrift 
des  architecten  und  ing-vereins  zu  Hannover,  1863,  p.  518. 
Experiments  proving  that  sand  bars  move  in  waves 

Plocq,  M.  a.    "  Marche  des  alluvions."    Annales  des  ponts  et  chaussees,  1863,  • 
I,  p.  103. 

Action  of  wind  and  currents  on  sea  beaches  at  French  ports. 

"  Weights  of  sediments  in  rivers."    Cf.  Zeitschrift  des  architecten  und  ingenieur- 
vereins  zu  Hannover,  1867,  pp.  246-271. 

Extended  discussion  on  Italian  and  German  rivers, 

Blohm.    tieber  die  in  fliessenden  wasser  suspendirt  erhiiltenen  sinkstoffe."  Zeit- 
schrift des  arch  .  .  .  vereins  zu  Hannover,  1867,  Vol.  13,  p.  274. 

Valuable  data  on  sediment  in  European  rivers.    Influence  of  depth  and  temperature. 

  "  Chemical  properties  of  sediment  in  rivers."    Zeitschrift  des  architecten 

und  ingen-vereins  zu  Hannover,  1867,  Vol.  13,  pp.  278-285. 

"Muds;  weight  carried  by  water-courses."    Annales  des  ponts  et  ch.,  1869,  i,  p. 
588. 

vSediment  in  French  rivers. 

Coi^lingw^ood,  F.  H.    "Transporting  power  of  water."    Trans.  Am.  Soc.  C.  E., 

1870,  Vol.  II,  p.  246. 

Experiments  at  Brooklyn  bridge  to  determine  sand  in  suspension  at  different  veloci- 
ties in  an  artificial  canal. 

LECHAI,as,  M.  C.    "Note  sur  les  rivieres  a  fond  du  sable."    Pamphlet  in  8^*. 
Paris,  1871.    Dunod.    Also  Annales  des  P.  and  C,  1,  1871. 

Theorj^  of  sand  movement  and  formulse  for  silt  discharge  in  the  Loire. 

Partiot,  M.    "  Memoire  sur  les  sables  de  la  Loire."    Pamphlet,  64  pp.  Paris, 

187 1,  Dunod. 

The  physical  characteristics  of  the  Loire  ;  facts  and  theories  regarding  the  erosion  of 
its  bed. 

Claye,  M.  Durand.    "  Erosion  caused  down-stream  by  piles."    Experiments  An- 
nales des  P.  et  C,  1873,  i>  PP-  467-485. 

Experiments  with  piles  of  different  forms,  giving  results  up-stream  and  down. 
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Chief  of  Engixeers,  U.  S.  A.  "Relation  between  mean  velocity  and  quantity 
of  material  in  suspension."   1874,  i,  pp.  863-865. 

silt  suspension  and  corresponding  mean  velocity  at  CarroUton  and  Columbus. 

  "  Transportation  of  sediment."    Report  Chief  of  Engineers,  U.  S.  A.,  1875, 

2,  pp.  481,  482. 

Brief  discussion  of  theories. 

Goui^D.  "  Salt  water  produces  earlier  precipitation."  Report  Chief  of  Engineers, 
U.  S.  A.,  1875,  II,  p.  36.  Also  Proc.  Inst.  C.E.,  Vol.  118,  p.  107,  and  Report 
on  the  Mississippi  river.  Humphreys  and  Abbott.  Also  Iv.  F.  Fargue  in  "La 
largeur  de  la  lit  moyen,"  p.  21,  1882. 

Influence  of  salt  on  deposition  of  silt  in  Savannah  river  water. 

Chief  of  Engineers,  U.  S.  A.  "  Movement  of  entrained  sand  in  waves. "  Re- 
port of  Chief  of  Engineers,  U.  S.  A.,  1875,  II,  502-504. 

"Relation  of  velocity  to  amount  of  suspended  matter."  Report  Chief  of  Engi- 
neers, U.  S.  A.,  Vol.  I,  1875,  966. 

Facts  tending  to  show  that  there  is  no  fixed  relation  between  amount  of  suspended 
material  and  velocity. 

Gilbert,  G.  L.  "  Erosion  of  river  beds  and  the  transportation  of  detritus."  Am. 
Jour.  Science,  July  and  August,  1876. 

Laws  of  erosion  and  silt  transportation.    Vertical  currents.    Silt  diminishes  velocity 
and  so  erosion. 

Chief  of  Engineers,  U.  S.  A.  "  Gravel  carried  in  suspension."  Report  Chief 
of  Engineers,  U.  S.  A.,  1876,  II,  p.  5.  Observed  at  dyke  below  Pittsburg.  Ex- 
planation of  Dupuit  given. 

Facts  regarding  gravel  in  suspension. 

Meade.  "Sediment  at  various  depths."  Report  on  the  Mississippi  by  Humph- 
reys and  Abbott.  Edition  of  1876.  Tabular  results,  p.  509.  Observations  at 
head  of  the  passes  of  the  Mississippi.  1838. 

Herschel,  Clemp:ns.  "Erosion  of  water  upon  the  beds  of  canals  and  rivers." 
Journal  of  the  Franklin  Institute,  1878,  May  and  June,  pp.  330-338,  and  393- 
403,  July,  26-38. 

HiGGiN,  George.  "Sediment  in  rivers  Plata  and  Parana."  Proc.  Inst.  C.  E., 
1868,  Vol.  57,  pp.  272-274. 

McMath,  Robert.  "The  Mis.sissippi  as  a  siltbearer."  Van  Nos.  Eng.  Mag., 
1879,  Vol,  20,  p.  218. 

Chief  of  Engineers,  U.  S.  A.  "  vSediment  observations  at  Helena,  1879.  Table 
giving  results."    Report  of  Chief  of  Eng.,  U.  vS.  A.,  1879,  III,  p.  1968. 

Johnson,  J.  B.  "  vSand  waves."  Report  Chief  of  Eng.,  U.  S.  A.,  1879,  III,  p. 
1892. 

Dimensions  and  velocity  of  the  sand  waves  in  the  Mississippi. 

Chief  of  Engineers,  U.  S.  A.  "  vSediment  observations."  Report  Chief  of  En 
gineers,  U.  S.  A.,  1879,  III,  p.  1964.  Samples  taken  at  bottom  and  at  .surface 
by  means  of  a  can. 

Samples  from  bottom  and  surface  compared. 
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LeConTE.  "  Suspension  of  sediment."  Rejjorl  Chief  of  Engineers,  U.  S.  A.,  1879, 
Vol.  2,  p,  1 75 1. 

Volume  carried  at  surface  and  bottom  of  Sacramento  river,  with  corre.si)onding  veloc- 
ities. 

"Silt  movement  along  Mississi])pi  bottom."  Cf.  Van  Nost.  Eng.  Mag.,  Vol.  20, 
1879.  PP-  227,  231.  Also  Eng.  News,  Feb.  9,  18S4,  p.  65,  for  bodily  movement 
of  pile  down-stream. 

"Sand  :  Voltimes  transported  by  the  Mississippi."  Van  Nos.  Eng.  Mag.,  Vol.  23, 
i8<Sc),  p.  176. 

Chief  of  EnoineeRvS,  IT.  S.  A.  "  Ratio  of  sediment  in  Mississippi  and  Missouri." 
Report  Chief  of  Engineers,  U.  S.  A.,  1882,  III,  p.  2762. 

Welch,  Ashbee.    "»Scouring  ]X)wer  of  water.    Tlieory  of  suspension."  Trans. 
Am.  vSoc.  C.  E.,  Vol.  XI,  pp.  161-164,  1882. 
General  di.scus.siou  of  principles  of  .suspension. 

Chie:f  of  Engineers,  U.  S.  A.  "  vSeniment  at  various  depths."  Cf.  Report  Chief 
of  Engineers,  U.  S.  A.,  1883,  Part  lU,  p.  2216. 

Measurements  at  center,  surface  and  bottom.    Plate  showing  large  .sand  waves. 

  "Sand  waves  at  river  bottoms:  formation  and  movement  of."  Report 

Chief  of  Engineers,  U.  S.  A.,  1883,  III,  pp.  2195-2200. 
Length  of  waves,  velocity,  etc. 

McMath,  R.  E.  "Silt  movement  by  the  Missi.ssi])])!, — its  volimie,  cause  and  con- 
ditions." Jour.  Asso.  Eng.  vSoc,  I,  ]).  266;  Van  Nos.  Eng.  Mag.,  1883,  Vol. 
28,  p.  32. 

An  important  article  attributing  suspension  to  eddies. 

Chief  of  Engineers,  U.  S.  A.    "  Sediment  observations  at  Prescott,  Wisconsin." 
Report  Chief  of  Engineers,  U.  S.  A.,  1883,  III,  2230  et  seq. 
Amoutits  of  sediment  at  top,  middle,  and  bottom  of  the  river. 

  "Sediment  observations  at  Carrolton."    Chief  Engineer's  Report,  U.  S. 

A.,  1883,  III,  2224. 

McMaTh,  R.  E.  "Slight  suspension  during  low  stages.  Silt  movement  in  the 
Mississippi."    Van  Nostrand's  Eng.  Mag.,  1883,  p.  33. 

Law,  Henry.  "  Influence  of  depth  on  corrosion  by  water  currents."  Proc.  Inst, 
of  C.  E.,  1884,  Vol.  82,  pp.  30,  31. 

"  Bewegung  der  geschiebe  des  Ober-Rheins. "  Deutsche  Bauzeitung,  1883,  56,  pp. 
33i>  332. 

observations  on  critical  \elocities  for  stones  of  different  sizes. 

Vauthier,  M.  "  Entrainnient  ou  le  transport  par  les  eaux  courantes  des  vases, 
sables  et  graviers."  Memoires  de  I'assoc.  francais  pour  I'avance  des  sciences, 
Blois,  Sept.  8,  1884.  Also  "Memoires  de  la  societe  des  ingenieurs  civils  de 
France,"  1885,  2,  p.  29. 

One  of  the  best  papers  on  the  theory  of  suspension. 

Airy.  "  Transporting  power  of  water."  Proc.  Inst,  of  C.  E.,  Vol.  82,  pp.  25,  26, 
27,  31.  Airy's  formula  for  the  relation  between  absolute  velocity  and  size  of 
particles  moved. 
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Chief  of  Engineers,  U.  S.  A.    "  Bottom  velocities  necessary  to  move  bodies  of 
different  sizes."    Chief  Engineer's  Report,  U.  S.  A.,  1885,  i,  569-570. 
statements  of  various  authors  of  velocities  required  for  suspension. 

Thoueet,  M.  "  Experiments  on  the  velocity  of  air  and  water  currents  capable  of 
suspending  mineral  grains."  Annales  des  P.  et  C,  1885,  i,  492  et  seq.  Digest. 
Also  Annales  des  Mines,  1884,  I,  pp.  507-530. 

Interesting  and  valuable  experiments,  showing  the  bearing  of  this  question  on  ge- 
ology-. 

Chief  of  Engineers,  U.  S.  A.  "Suspension  of  sand."  Chief  Engineer's  Re- 
port, U.  S.  A,  1886,  pp.  1 298-1 299. 

Experiments  to  determine  the  velocitj'^  acquired  by  sand  falling  through  water. 

  "Sediment  observ^ations.    Methods  used."    Chief  Engineer's  Report,  U, 

S.  A.,  1887,  4,  pp.  3121,  3123.  Plates. 

Seddon.  "  Sediment  observations  at  St.  Charles,  Mo."  Report  of  Chief  of  Engi- 
neers, U.  S.  A.,  1887,  4,  pp.  3090-3096. 

Diagram  and  data  on  observations  at  bottom,  middle,  and  surface.   Curves  to  show 
that  sediment  is  carried  from  St.  Charles  to  Columbia. 

WheeeER,  W.  H.  "The  transporting  power  of  water  and  its  application  to  the 
deepening  of  rivers."    The  Engineer,  Oct.  25,  1889. 

Table  of  relative  weights  of  different  materials.    Application  of  disturbing  apparatus 
to  deepening  rivers. 

ChareTON,  E.  "Calculation  of  velocity  of  a  stream  from  the  size  of  the  materials 
transported  by  it."  Le  Genie  Civil,  Vol.  XVII,  1890,  p.  170.  Proc.  Inst.  C.  E., 
Vol.  102,  p.  350.    (Note  giving  formula.) 

Graham,  J.  C.  "  vSand  floating  on  water."  Eng.  Record,  Dec.  27,  1890,  p.  65, 
and  American  Journal  of  vScience,  Dec.  27,  1890. 

Surface  tension  may  cause  a  needle  to  float.    Eroded  sand  floating  on  water  surface. 

Babb,  C.  C.    "Sediment  carried  by  large  rivers."    Science,  (about)  August,  1891, 
abstracted  in  Engineering  News,  August  10,  1893. 
Data  on  sediment  at  different  depths  in  Potomac  river. 

Gaeeois,  M.    "Sand  in  suspension  in  water."    Genie  Civil,  February  or  March, 
1893  ;  Eng.  News,  March  23,  1893. 
Experiments  with  a  rotating  bottle. 

Lechaeas.  "Action  of  vortices  on  sand."'  Hydraulique  Fluviale,  p.  429.  Engi- 
neering News,  March  23,  1893. 

Deacon,  G.  "  Suspen.sion  of  sand.  Experiments  to  determine  the  relation  be- 
tween the  amount  carried  and  the  surface  velocity."  Proc.  Inst.  C.  E.,  1893, 
Vol.  118,  pp.  93-97. 

Experiments  in  a  trough  with  glass  sides. 

Fargue,  L.  F.    "Suspension  of  sand  by  water  rotating  in  an  annular  ring.  Ex- 
periments."   1872  and  1894.    "  L'action  de  I'eau  courante."    Annales  des 
Ponts  et  Chauss^es,  March,  1894. 
Quantitative  determinations. 

  *' Laws  of  erosion."    "La  Largeur  du  lit  moyen  de  la  Garonne."  An- 
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nales  des  P.  et  C,  October,  1882.    "  L'action  de  I'eau  courante,"   Annales  des 

Fonts  et  Chaiiss^es,  March,  1894. 

Mkara,  p.  O.    "Sand  oscillation  with  waves."    Proc.  Inst.  C.  E.,  Vol.  118,  1894, 
pp.  83-84.    Also  ab.stract  in  Kng.  Record,  Feb.  23,  1895. 
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Pasoueau,  A.  "  A vant-pro jet  general  pour  r amelioration  du  Rhone."  Text  40. 
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Wex,  Sir  Gustav.    "  Works  for  the  new  improved  bed  of  the  Danube  at  Vienna." 
Translated  by  G.  Wietzel,  U.  S.  A.    Pamphlet  in  30  pp.,  with  plates.  Wash- 
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hominy  and  Black  Water  rivers  in  Virginia. ' '    Pamphlet  in  8<>. 
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MerrilIv,  Wiltjam  E.  "Improvement  of  non-tidal  rivers."  Text  12  X  15,  200 
pp.    Washington,  1881.    Gov.  printing  office. 
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Roberts,  Henry  M.  "  Works  and  surveys  for  river  and  harbor  improvement." 
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6  X  10,  150  pp.    Washington,  1882.    Gov.  printing  office. 
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"Bericht  der  experteii  iiber  die  Wienfluss-regulirung. "    Text  12X16,  120  pp. 

Vienna,  1882.    Gemeinderaths  Praesidiunis. 

"  Projekt  fiir  die  Wienfluss-regulirnng  in  verbindunj^  mit  der  stadtT)ahnfrage." 
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Praesidiunis. 
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Cunningham,  Ai.i.an.  "Fluvial  hydraulics."  Proc.  In.st.  of  C.  R.,  1882,  Vol. 
IvXXI,  pp.  1-94. 
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McMaTh,  R.  E.  "Levee  theory  tested  l)y  facts."  Trans.  Am.  vSoc.  C.  E.,  1884, 
Vol.  XIII,  pp.  331-358. 

An  attempt  to  show  that  the  upper  Mississi])pi  river  should  not  be  confined. 

CoRTHicij.,  \\.  L.  "The  .south  ])ass  jetties."  Trans.  Am.  Soc.  C.  E.,  Vol.  XIII, 
Oct.,  1884,  pp.  314-33"- 
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LKCHAI.AS,  M.  C.    "  Hydraulique  fluviale."    One  Vol.  in  8".    Paris,  1884.  Baudry. 
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of  the  Seine,  the  Rhone,  Garonne,  and  I^oire,  together  with  sediment  and  island 
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Laurant,  Aug.  "  I{tude  sur  les  different  niveaux  du  lit  de  la  Loire,  appreciable 
depuis  le  commencement  de  I'ere  cliretienne  dans  la  travers^e  de  la  vielle  cite 
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"  Rlieinkorrektionsprojekten."    63  pp.    Bern,  1867. 
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Hans,  Martial  M.    "Die  kanalisirung  der  Maas. "    Text,  75  pp.  Wiesbaden, 

1885.  J.  F.  Bergman n. 
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Shelford,  W.    "  On  rivers  flo^\4ng  into  tideless  seas — as  illustrated  by  the  river 
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Revv,  J.  J.    "  H3'draulics  of  great  rivers."    Text  12  X  15,  151  pp.  Plates. 
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tion in  European  rivers. 

SuRELiv,  A.  C.    "  Memoires  sur  Pamelioration  des  embouchures  du  Rhone.'*  Text 
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Plates  giving  cross  sections  of  tidal  waves  in  the  Seine,  diagrams,  etc. 
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pp.    Paris,  1892.    Baudry  &  C'''. 
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The  jetties  for  the  Mississippi,  Brazos,  Tampico,  and  Danube  rivers. 

Franzius.    "  Communication  sur  I'amdlioration  des  fleuves  dans  leur  partie  mari- 
time."   Pamphlet,  8".    Paris,  1892.  Lahure. 
The  method  u.sed  in  training  the  Weser. 

WHEEI.ER,  W.  H.    "Tidal  rivers."    Text  6  X  8,  450  pp.    London,  1893.  Long- 
mans, Green  &  Co. 
standard  English  work. 

"  Tidal  estuaries. "    Proc.  Inst.  Civil  Eng.    Various  papers. 

FLOODS. 

EivLET,  Charles.  "The  Mississippi  and  Ohio  river  inundations."  Text  80. 
Philadelphia,  1853. 

Belgrand.  ' '  Etudes  des  lois  qui  regissent  les  crues  des  cours  d'eau. ' '  Pamphlet, 
8°.    Versailles,  1853.  Beaujeune. 

Discussion  of  the  permeability  of  the  soil  and  its  relation  to  floods  in  the  basin  of  the 
Seine. 

Valines,  M.  F.  "  Etudes  sur  les  inondations. "  Text.  Paris,  1857.  Victor  Dal- 
mont. 

An  extended  discussion  of  rainfall  phenomena,  floods,  their  prevention,  and  the  utili- 
zation of  their  force. 

Monestier-Savignat,  a.  "Etudes  sur  les  inondations."  Text  5x8,  550pp. 
Plates.    Paris,  1858.  Dalmont. 

A  theoretical  discu.ssion  of  the  laws  of  floods. 
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Values,  M.    "  Iiiondations. "    Annales  des  Pouts  et  Chaiissees.  1860,1,137. 
The  solid  discharge  of  the  Durance. 

CoNROV,  G.  E.  "  Renseigiiements  sur  les  ernes  de  la  Loire  et  de  ses  grandes  afflu- 
ents. Regies  pratique  pour  determiner  a  I'advance,  sur  different  points  du  lit- 
toral, la  hauteur  et  I'epoque  du  maximum  des  crues  de  la  Loire."  Text  40. 
Paris,  1 86 1.  Dunod. 

A  collection  of  tabulated  data  giving  relative  flood  heights  along  the  river  Loire. 

Kleitz.  C.  "Note  sur  la  theorie  du  mouvement  non  permanent  des  liquides  et 
sur  son  application  a  la  propagation  des  crues  des  rivieres."  Pamphlet,  80. 
Paris,  1877.  Dunod. 

Analytical  treatment  of  non-permanent  motion  as  applied  to  floods  in  the  Rhone. 

Deutsch,  J.    "  Die  iiberschwemmungen  und  ihre  ursachen."    Pamphlet,  100  pp. 
Vienna,  1877.    Lehmann  &  Wentzel. 
Floods  of  the  Danube  and  their  regulation. 

Descola,  E.  "La  question  des  montagnes  et  les  inondations."  One  pamphlet  in 
8".    Foix,  1877. 

A  popular  di.scussion  of  legislation  affecting  forest  preservation  and  the  rights  of 
mountaineers. 

Minister  des  travaux  publics.  "  Bassin  de  la  Garonne.  Reglements  et  instructions 
concernant  I'annonce  des  crues  et  I'^tude  du  regime  des  rivieres."  Text  4°. 
Paris,  1879.    Impr.  nationale. 

A  volume  of  regulations  and  forms  of  announcements  used  in  predicting  the  floods  of 
the  Garonne. 

Pasqueau,  a.  "Note  sur  les  glaces  de  la  Saone  en  1 879-1880."  Pamjjhlet,  8^. 
Paris,  1880.  Dunod. 

U.se  of  dynamite  in  removing  an  ice  jam. 

GuSTAV,  Wex.  Translated  by  G.  Wietzel.  "  Decrease  of  water  in  rivers."  Two 
Pamphlets,  50  pp.  each.    Washington,  1881.    Government  printing  office. 

The  decrease  of  water  in  rivers  contemporaneously  with  an  increase  in  the  height  of 
floods  in  cultivated  countries. 

Lanfranconi,  E.    "  Rettung  Ungarns  vor  ueberscliwemmungen."    Text  15  X  20, 
80  pp.,  two  large  maps.    Budapest,  1882. 
The  floods  of  the  Danube  in  Hungary. 

Johnson,  J.  B.  "  Floods  on  the  Lower  Mississippi  as  illustrated  in  the  flood  of 
1882."    Trans.  Assoc.  of  Eng.  vSoc,  Vol.  2,  p.  115. 

Edi,EN,  Kari^  S.  "  Ueberschwemmungen."  Text  5X  10,  150  pp.  Vienna  and 
Leipzig.    A.  Hartleben,  1883. 

a  record  and  general  description  of  floods. 

Ockerson,  J.  A.  "Earlier  floods  in  the  lower  Mississippi."  Trans.  Assoc.  of 
Eng.  Soc,  1885,  Vol.  4,  pp.  87-95. 

"  Reglements  et  instructions  concernant  I'annonce  des  cru(!s  et  I'etude  du  regime 
des  rivieres."    Text  4".    Paris,  1886,  Impr.  Nationale. 
Regulations  and  forms  used  in  foretelling  the  Seine  floods. 
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Ai,i,ARD,  E.    "Note  sur  la  provision  des  cru^s."    Pamphlet,  80.    Paris,  1889. 
Dunod. 

A  graphic  method  of  predicting  floods  together  with  table  comparing  predictions  and 
measurements  on  French  rivers. 

Starijng,  Wm,    "Discharge  of  the  Mississippi."    Trans.  Am.  vSoc.  C.  E.,  1895, 
Vol.  34,  pp.  348-492,  with  extended  discussion. 

A  comprehensive  and  admirable  discussion  of  the  discharge  of  the  Mississippi  at  all 
stages. 

GENERAL  HYDRAUIvIC  CONvSTRUCTION. 

SiiyBERSCHi^AG,  JOHANN  ESAIAS.    "  Hydrotechnik  oder  der  wasserbaues. "  Two 
Vols.,  Text  5  X  8,  400  pp.  each.    Copper  cuts.    Leipzig,  1773.    Caspar  Fritsch. 
Mainly  of  historic  interest. 

WiEBEKiNG,  C.  F.    "  Was.serbau."    3  Vols.,  Text  9  X  12,  750  pp.  each,  and  one 
Vol.  250  pp.,  containing  ad(Htions.    Munich,  1811-1814,    Joseph  Zang. 
The  most  com])rehensive  treatment  of  the  general  subject  published  in  its  time. 

HaGEN,  G.    "  Beschreil)ung  neuer  wasserbauwerke."    Text  5  x8,300  pp.  K6- 
nigsberg,  1826.    Gebruder  Bonitrager. 

Descrii)tion  of  the  larger  hydraulic  constructions  in  Germanj',  France,  The  Nether- 
lands, and  Switzerland. 

GUDME,  A.  C.    "  Wasserbaukunst. "    Text  6  X  9,  3  Vols.    Berlin,  1827-1829.  Au- 
gust Riicker. 

An  extended  work  covering  all  branches  of  hydraulics  with  special  reference  to 
rivers,  harbors,  and  dykes. 

DiETt,EiN,  J.  F.  W.    "  Grungziige  der  vorlesungen  iiber  Schleusen."    Text  8  X  12, 
pp.  160  to  390.    Berlin,  1832.    G.  Reimer. 

PECHMANN,  Heinrich.    "  Praktische  anleitung  zum  flussbaue."    Text  5  X  7,  2 
Vols.,  200  pp.  each.    Plates.    Munich,  1832.    Jos.  Lindaur. 

Wolfram,  Ludwig  Friedrich.    "  Lehre  von  der  Erdarbeiten  beim  wasserbau." 
Text,  200  pp.    Plates.    Vienna,  1837.    Carl  Gerold. 
Description  of  river,  harbor,  and  canal  work. 

Sganzin,  M.  J.    "  Cours  de  constructions."    Atlas  15  X  24  X  2,  1839-1841. 

An  extensive  collection  of  designs  for  river  and  marine  work,  including  foundations 
and  bridges. 

MiSSARD,  M.    "  Cours  de  construction — La  navigation  des  rivieres  et  des  canaux." 
Text  8  X  12,  400  pp.,  65  plates  12  X  18.    Paris,  1841.    C.  Goeury  et  V.  Dalmont. 
A  course  of  lectures  in  the  Ecole  de  Fonts  et  Chauss6es. 

Mary,  M.    "Cours  de  navigation  interieure."    Text  12  X  15,  150  pp.    Cuts  and 
plates.    Paris,  1850.    Ecole  Nationale  des  Fonts  et  Chaussees. 
I^ectures  delivered  in  the  Ecole  Nationale. 

Becker,  M.    "Der  wasserbau."    Text  6x  10,  300  pp.    Atlas.    Stuttgart,  1856. 
Carl  Macken. 

a  general  treatise  with  full  description  of  the  Danube  chain  navigation. 

Beardmore,  NathanieIv.    "  Manual  of  Hydrology."    Text  5  X  10,  400  pp.  Ta- 
bles.   London,  1862.    Waterloo  &  Sons. 

Hydraulic  and  other  tables,  rainfall  and  evaporation,  rivers  and  flow  of  water,  tides, 
estuaries,  and  tidal  rivers. 
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Chiolich-Lowexsberg,  Herman  von.  "Anleitung  zum  wasserbau."  Text 
12  X  15,  300  pp.,  2  Vols.    Plates.    Stuttgart,  1864.    C.  Hoffmann. 

A  general  treatise  with  an  extended  callection  of  plates  on  river  work,  foundations 
and  docks. 

Bauernfeixd,  Carl  M.    "  Wasserbatikunde."     Text  15  X  20,  30  double-page 
cuts.    Munich,  1866.    J.  G.  Cotta. 
River  and  stream  correction. 

Hagen,  G.  "'Handbuch  der  wasserbaukunst."  6  Vols.,  Text  5  X  8,  500  pp. 
each  ;  6  Vols.,  plates,  20  X  12.  Berlin.  Ernst  &  Korn,  1864  to  1869.  Vol.  i, 
Springs,  water  supply  and  foundations  ;  Vol.  2,  Bank  protection,  river  works 
and  na\'igable  canals  ;  Vol.  3,  Correction  of  streams  ;  Vol.  4,  Canal  gates,  ship 
canals  and  dykes  ;  Vols.  5  and  6,  Sea,  bank  and  harbor  works. 
a  standard  German  encyclopedia. 

Lagrene,  H.  DE.  "  Cours  de  navigation  interievire.  Fleuves  et  rivieres."  Two 
Vols.,  Text  12  X  15,  250  pp.  and  450  pp.  resp.,  2  Atlases,  12  X  15.  Paris,  1869- 
1873.  Diniod. 

River  canalization.    Detailed  description  of  the  Chanoine  and  Poiree  weir.s.    An  ex- 
cellent work. 

Stevenson,  D.  "Canal  and  river  engineering."  One  Vol.,  6  X  10,  350pp.,  2d 
ed.    Edinburgh,  1872.    Adam  Black. 

Debauve,  A.    "Navigation  flu viale  et  maritime."    Paris,  1874.  Dunod. 

Maganzini,  ITAUO.  "  Opere  idrauliche. "  Text  12  X  15,  200  pp.  Plates.  Flor- 
ence, 1877.  Bencini. 

Mountain  torrent  correction.    Description  of  canals  and  hydraulic  constructions  in 
Holland. 

Franzius,  L.,  AND  Ed,  Sonne.  "  Der  wasserbau."  3  Vols.,  Text  8  x  12,  500  pp. 
with  cuts  and  plates.  Leipzig,  1882.  Wilhelm  Engelman.  L,ast  edition  pub- 
lished in  I 892- I 893. 

An  encyclopediac  work  on  the  whole  field  of  hydraulics.    One  of  the  most  complete 
modern  publications  in  this  field. 

Jackson,  L.  D.  "  Hydraulic  manual."  Text  6  X  8,  500  pp.  ;  150pp.  tables.  Ivon- 
don,  1883.    Crosby,  Lockwood  &  Co. 

Flow  in  rivers,  canals,  pipes  ;  hydrology,  irrigation,  crevasses,  etc. 

  "  Hydraulic  works. "    Text,  500  pp.,  6  X  10.    London,  1885.    W.  Thacker 

&  Co. 

Description  of  hydraulic  works  in  India,  Canada,  Egypt,  and  England. 

GuiLLEMAiN,  P.  "Navigation,  rivieres  et  canaux."  2  Vols.,  Text  6  X  9,  575  pp. 
each.    Cuts.    Paris,  1885.    Baudry  &  Co. 

An  extended  discussion  of  weirs,  locks,  river  correction,  etc.   An  excellent  general 
treatment. 

DuRAND-CivAVE,  AivFRED.    "  Hydraulique  agricole  et  genie  rural."    2  Vols.,  Text 
6  X  12,  700  pp.  and  500  pp.    Many  cuts,    Paris,  1890,    Octave  Doin, 
A  voluminous  discussion  of  modern  practice  in  agricultural  engineering. 

"Atlas  des  voies  navigables  de  la  France."  2  Vols.,  plans  12  X  18,  Paris,  1894, 
Imprimerie  Nationale. 

Details  and  cross-sections  of  gates,  locks,  chutes,  etc. 
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Vernon-HarcourT,  L.  F.  "Rivers  and  canals."  2  Vols.,  Text  6  X  8,  350  pp. 
Oxford,  1896.    Clarendon  Press. 

Revised  edition  of  a  standard  EJnglish  treatise. 

INLAND  NAVIGATION. 

PriESTi^y,  Joseph.  "  Navigable  rivers,  canals  and  railways  in  England."  Text 
10  X  12,  800.    London,  183 1.    Longman,  Rees,  Orme,  Brown  &  (xreen. 

A  descriptive  treatise  givinj^  names  of  engineers  and  acts  of  rarli.iniciil  affecting 
public  works. 

Gauthey.    "  Menioires  snr  les  canaux  des  navigation."    Text  10  X  12,  400  pp., 
with  plates.    Li^ge,  1S43.    J.  Ledonx. 
A  description  of  the  Canal  du  Charolais. 

Gamond,  Thome  de.    "  Memoire  sur  le  regime  general  des  eanx  conrantes." 
Pamphlet  in  8".    Paris,  187 1.  Dnnod. 
.Scheme  of  inland  navigation  for  France. 

Badois.  "  Amelioration  des  voies  navigables.  Etudes  a  propos  de  I'ouvrage  de 
M.  Malezieux  sur  les  travaux  publics  des  Etats-Unis."  Pamphlet  in  8".  Paris, 
1875.  Baudry. 

Weber,  Max  Maria.  "Die  was.senstra.ssen  Xord-Europa's,"  Text  8X  12,400 
pp.    Leipzig,  1 88 1.    Wilhelm  Engelnian. 

Valuable  comparative  .statistics  of  European  canals. 

Lanfr.\nconi,  Enea.  "  tiber  die  wasserstrassen  Mittel-Europa's  und  die  wiclitig- 
keit  du  regulirung  des  Donau  stronies."  Text,  Atlas,  24  X  30.  Maps  and 
profdes.    Vienna,  1881.    W.  Heinrich. 

Beekman,  a.  a.    "  Nederland  als  Polderland."    Text  8  X  12,  500  pp.  Several 
maps.    Zutfen,  1884.    W.  J.  Thieme  &  C'^ 
Canals,  dykes  and  interior  navigation  in  Holland. 

"  M^moires  du  Congres  International  de  navigation  interieure."  Text  8  X  12,  2 
Vols.    Brussels,  1885.    Imprimerie  H.  Luppens  Pere. 

Jeans,  J.  Stephens.  "Waterv\'ays  and  water  transport."  Text  6  X  8,  500  pp., 
with  illustrations.    London,  1890.    E.  Spon. 

a  popular  treatise  on  general  transportation  problems  with  special  reference  to  the 
Panama,  Suez,  Manchester,  and  Nicaragua  canals. 

"  Fourth  international  congress  on  inland  navigation  held  at  Manchester."  One 
Vol.  in  folio.    Manchester,  1890. 

Vetii^i^art,  H.  "La  navigation  aux  Etats-Unis."  Text  12  X  15,  550pp.,  w4th 
plans.    Paris,  1892.    Imprimerie  Nationale. 

A  valuable  survey,  historical,  financial  and  descriptive  of  the  inland  and  coast  navi- 
gation works  of  the  United  States. 

"  Papers  of  the  Sixth  International  Inland  Navigation  Congress.    The  Hague,  1894. 

Leach,  Smith  S.  "Inland  navigation  in  the  United  States."  Proc.  Inst.  C.  E., 
1897,  p.  247. 
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CONSTITUTION 

OF  THE 

ASSOCIATION  OF  OIVIL  ENGINEERS 

OF   CORNELL  UNIVERSITY. 


PREAMBLE. 

We,  the  undersigned,  members  of  the  Senior  and  Junior  classes  in  the  College 

an 
sral 
tain 

ERRATA . 

Page  54,  for  379  read  3.79.  .  q£ 

Page  61,  for  allignnient  read  alignment. 


2.  All  Alumni  of  this  college  aud  all  students  recognized  as  upperclassmen,  and 
registered  in  the  College  of  Civil  Engineering,  are  eligible  to  membership  in  this 
Association . 

3.  Any  eligible  person  may  become  an  honorary  member  by  a  two-thirds  vote  of 
the  members  present  at  any  regular  meeting.  Such  members  shall  have  privileges 
of  active  members  except  those  of  voting  and  holding  office,  and  shall  be  exempt 
from  all  dues. 

4.  The  membership  fees  for  this  Association  for  all  active  graduate  members 
shall  be  $1.00  per  annum.  All  money  received  from  such  membership  fees  shall 
be  devoted  to  defraying  cost  of  publication  of  non-resident  lectures  delivered 
before  the  Association.  All  other  expenses  of  this  Association  shall  be  met  by 
direct  tax  upon  the  undergraduate  members. 

5.  A  copy  of  each  lecture  delivered  before  this  Asseciation  shall  be  forwarded  to 
each  member  of  the  Association. 

ARTICLE  III. 

OFFICERS. 

I.  The  officers  of  the  Association  shall  consist  of  a  President,  Vice-President, 
Recording  Secretary,  Corresponding  Secretary,  and  Treasurer. 


CONSTITUTION 

OF  THE 

ASSOCIATION  OF  CIVIL  ENGINEERS 

OF   CORNELL  UNIVERSITY. 


PREAMBLE. 

We,  the  undersigned,  members  of  the  Senior  and  Junior  classes  in  the  College 
of  Civil  Engineering  of  Cornell  University,  do  hereby  form  ourselves  into  an 
Association  for  the  discussion  of  engineering  topics,  and  the  promotion  of  general 
information  on  engineering  subjects,  and  do  hereby  agree  to  abide  by,  and  sustain 
the  following  Constitution  and  By  Laws  : 

ARTICLE  I. 

NAME. 

I.  This  Association  shall  be  known  as  the  Association  of  Civil  Engineers  of 
Cornell  University. 

ARTICLE  II. 
MEMBERSHIP. 

1.  The  Association  shall  consist  of  Active  and  Honorary  members. 

2.  All  Alumni  of  this  college  and  all  students  recognized  as  upperclassmen,  and 
registered  in  the  College  of  Civil  Engineering,  are  eligible  to  membership  in  this 
Association . 

3.  Any  eligible  person  may  become  an  honorary  member  by  a  two-thirds  vote  of 
the  members  present  at  any  regular  meeting.  Such  members  shall  have  privileges 
of  active  members  except  those  of  voting  and  holding  office,  and  shall  be  exempt 
from  all  dues. 

4.  The  membership  fees  for  this  Association  for  all  active  graduate  members 
shall  be  $1.00  per  annum.  All  money  received  from  such  membership  fees  shall 
be  devoted  to  defraying  cost  of  publication  of  non-resident  lectures  delivered 
before  the  Association.  All  other  expenses  of  this  Association  shall  be  met  by 
direct  tax  upon  the  undergraduate  members. 

5.  A  copy  of  each  lecture  delivered  before  this  Asseciation  shall  be  forwarded  to 
each  member  of  the  Association. 

ARTICLE  III. 

OFFICERS. 

I.  The  officers  of  the  Association  shall  consist  of  a  President,  Vice-President, 
Recording  Secretary,  Corresponding  Secretary,  and  Treasurer. 
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Association  of  Civil  Engineers  of  Corjiell  University . 


2.  The  President  shall  preside  at  all  nieetiiij^s  of  the  Association  and  enforce  the 
Constitntion  and  By-Laws,  and  shall  call  s])ecial  meetings  at  the  request  of  five 
active  members. 

3.  The  Vice-President  shall  take  the  chair  at  the  request  of  the  President,  and 
shall  act  as  President  in  his  absence.  The  Vice-President  shall  be  chairman  of  the 
appointment  committee. 

4.  The  Recording  Secretary  shall  keep  minutes  of  the  proceedings  of  all  meet- 
ings of  the  Association  and  shall  ])ost  notices  for  the  same. 

5.  The  Corresponding  {Secretary  shall  attend  to  all  the  necessary  correspondence 
of  the  As.sociation.    He  shall  be  elected  from  the  Faculty  of  the  college. 

6.  The  Treasurer  shall  receive  all  money  and  dues,  and  .shall  pay  all  bills  of  the 
Association,  such  bills  to  meet  the  approval  of  the  Executive  Committee  before 
such  payments.  He  .shall  make  a  report  when  called  upon  by  the  Association  and 
also  when  his  term  of  office  exj^ires.  He  shall  be  chairman  of  the  Executive 
Committee. 

7.  The  officers  shall  be  chosen  by  ballot  at  the  la.st  regular  meeting  of  the  spring 
term,  from  the  Junior  Class,  and  shall  hold  office  until  their  succes.sors  are  elected. 

8.  All  vacancies  shall  be  filled  by  a  .s])ecial  election — only  members  of  the  Senior 
Class  being  eligible  to  hold  office. 

ARTICLIC  IV. 
C(jMMI'rTKKS. 

1.  There  shall  be  three  Standing  Committees,  an  lixecutive  Connnittee,  a  Com- 
mittee on  Appointments,  each  consisting  of  three  members,  and  a  Publication 
Committee,  consisting  of  five  members.  These  committees  shall  be  ap])ointed  by 
the  President  at  the  beginning  of  the  year. 

2.  The  Executive  Connnittee  shall  see  that  the  rooms  of  the  Association  are 
ready  for  occupancy  previous  to  all  meetings,  and  shall  transact  such  business  as 
may  be  referred  to  it  by  the  Association. 

3.  The  Committee  on  Appointments  shall  make  appointments  for  all  literary 
exercises  for  each  meeting,  and  such  appointments  shall  be  posted  at  least  two 
days  before  the  meeting.  The  committee  shall  furnish  the  Secretary  with  a  list  of 
such  appointments. 

4.  The  Publication  Committee  shall  have  charge  of  the  compiling,  publication, 
and  sale  of  the  Transactions. 

ARTICLE  V. 

AMENDMENTS. 

The  Constitution  or  By-Laws  may  be  amended  by  a  two-thirds  vote  of  all  mem- 
bers present  at  any  regular  meeting  ;  such  amendment  to  be  before  the  Association 
at  least  one  week. 

AMENDMENT  I. 

The  initiation  fee  for  membership  to  this  Society  shall  be  one  dollar,  and  this  fee 
shall  cover  all  dues  for  the  first  year  of  membership.  For  each  succeeding  year, 
an  annual  due  of  one  dollar  shall  be  charged.  The  annual  membership  fee  shall 
entitle  the  member  to  a  copy  of  the  Transactions  published  during  each  year  of 
membership. 
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BY-LAWS. 


ARTICLE  I. 

REGULAR  MEETINGS. 

Regular  meetings  shall  be  held  once  in  two  weeks,  in  the  Association  rooms, 
commencing  on  the  first  Friday  after  registration  week,  and  ending  on  the  last 
Friday  but  one  before  examination  week  of  each  term. 

ARTICLE  II. 

QUORUM. 

One-third  of  the  active  undergraduate  members  of  the  Association  shall  consti- 
tute a  quorum.    Xo  business  can  be  transacted  without  a  quorum  being  present. 

ARTICLE  III. 

ORDER  OE  PROCEEDINGS  AT  A  REGULAR  MEETING. 

1.  Roll  call. 

2.  Minutes  of  Preceding  Meeting. 

3.  Literary  Exercises. 

4.  Unfinished  Business. 

a.  Report  of  Standing  Committees. 

b.  Report  of  Special  Committees. 

c.  Report  of  Officers. 

d.  Miscellaneous  Business. 

5.  New  Business. 

6.  Adjournment. 

ARTICLE  IV. 
EXERCISES. 

The  exercises  shall  consist  of  discussions,  memoirs,  essays,  papers,  lectures,  and 
such  other  exercises  as  the  Association  shall  from  time  to  time  direct. 

ARTICLE  V. 

vSUSPENSION  OE  BY-LAWS. 

A  By-Law  may  be  suspended  for  one  meeting  by  a  vote  of  two-thirds  of  the 
members  pre.sent. 

H.  R.  LORDLY, 

E.  J.  FORT, 

H.  D.  ALEXANDER, 

Committee. 


OFFICERS  FOR  1898-99. 


President, 
FRIRND  P.  WIIvIvIAMvS. 

Vice-  Pt  r .?  ideut, 
LESLIE  McHARG. 

Treasurer, 
R.  C.  TAYLOR. 

Corresponding  Secretary, 
PROFESSOR  CHAS.  L.  CRANDALL. 

Recording  Secretary, 
A.  H.  HIGLEY. 

Appointment  Committee, 


LESLIE  McHARG,  Chairman, 


ALEXANDER  THOMPSON,  Jr., 


OGDEN  MERRILL. 


Executive  Committee, 


R.  C.  TAYLOR,  Chairman, 


M.  A.  RUE, 


C.  L.  BARTON. 


Publication  Committee, 


WAGER  FISHER,  Chairman, 


E.  E.  LANPHER, 


C.  H.  BELDEN, 


A.  B.  LUEDER, 


W.  O.  WHITE. 


PRESIDENT'S  ADDRESS. 


To  Members  of  the  Association  of 

Civil  Engine e7's  of  Cor 71  ell  University : 

According  to  the  usual  custom,  it  becomes  my  privilege  and  duty,  as 
retiring  President,  to  address  you  on  matters  of  interest  to  the  Associa- 
tion during  the  past  year,  and,  if  possible,  to  suggest  lines  of  improve- 
ment, which  will  further  the  purposes  for  which  the  Association  was 
organized. 

The  meetings  of  the  Association  have  been  held  every  two  weeks 
throughout  the  year. .  An  especial  feature  this  year,  has  been  the 
lectures  by  noted  non-resident  engineers  ;  including  Major  Symonds, 
Messrs.  Trautwine,  Morrison,  Bates,  Goldmark,  Rafter,  Molitor, 
Duryea  and  Weston.  The  Association  has  been  very  fortunate  in 
being  able  to  listen  to  such  a  large  number  of  eminent  engineers.  The 
value  of  lectures  given  by  such  practical  business  men,  and  men  of 
such  great  ability  in  their  branches  of  engineering,  cannot  be  over  esti- 
mated. Nearly  all  of  those  lectures  were  held  in  the  Physical  L^ecture 
Room,  Franklin  Hall,  where  an  excellent  opportunity  is  afforded  the 
lecturer  for  illustrating  his  lecture  with  lantern  views. 

Besides  the  non-resident  lecturers,  the  Association  has  had  the 
pleasure  and  benefit  of  listening  to  several  members  of  the  Faculty  and 
members  of  the  Association.  Among  the  most  important  of  these  lec- 
tures, was  one  by  Professor  Church,  on  "  Different  Hydraulic  Labora- 
tories throughout  the  Country"  ;  one  by  Professor  Crandall,  upon 
"The  Failure  of  a  Whipple  Truss;  one  by  Professor  Ogden,  upon 
"  The  Field  of  Work  of  the  Sanitary  Engineer  "  ;  and  one  by  Profes- 
sor Jacoby,  on  "  How  to  Make  a  Book."  On  behalf  of  the  Associa- 
tion, I  wish  to  express  its  hearty  appreciation  of  the  kindness  of  all 
those  who  have  so  interested  themselves  in  engineering  study,  and 
lectured  before  the  associasion  during  the  past  year. 

The  Transactions,  now  in  its  .seventh  volume,  has  been  enlarged  and 
improved  since  its  earlier  issues.  Such  excellent  lectures  as  are 
delivered  before  the  Association,  and  such  papers  as  are  obtainable 
from  time  to  time  from  alumni  members,  furnish  material  of  a  most 
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valuable  and  interesting  character  for  this  annual  publication.  It  is 
sincerely  hoped  that  the  Transactions  will  always  hold  a  high  standard 
in  engineering  literature,  and  that  all  members  will  take  part  in 
advancing  its  interests  and  helping  it  to  always  attain  a  high  standard 
of  excellence.  The  Publication  Committee,  this  year,  has  worked  long 
and  earnestly  in  getting  out  the  Transactions  and  deserves  a  great 
measure  of  credit  for  its  untiring  efforts. 

Turning  to  the  financial  side  of  the  Association,  I  am  sorry  to  note 
that  the  Association's  indebtedness  on  account  of  the  Transactions, 
amounted  to  nearly  two  hundred  dollars  at  the  beginning  of  the  year. 
As  Professor  Crandall,  with  his  usual  generous  interest  in  Association 
matters  voluntarily  assumed  this  large  debt  of  the  association,  I  think 
it  is  important  to  ask  both  alumni  and  active  members  for  their  hearty 
support  in  assisting  the  Association  out  of  debt.  A  portion  of  this  in- 
debtednCvSs,  however,  had  been  paid  off  during  the  year  ;  through  the 
kind  responses  from  alumni  and  b}'^  a  tax  levied  on  active  members. 

There  is  no  better  suggestion  that  I  have  to" offer,  than  the  oft  re- 
peated one  urging  members  to  attend  meetings  regularly,  and  to  take 
an  active  interest  in  all  the  affairs  of  the  Association.  Our  Director, 
Prof.  Fuertes,  in  a  recent  lecture,  pointed  out  the  necessity  of  seeing 
things,  not  looking  at  them.  Hand  in  hand  with  the  ability  to  see 
things,  goes  the  ability  to  tell  about  them.  I  would  like  to  suggest, 
therefore,  that  the  members  take  advantage  of  the  excellent  opportuni- 
ties afforded  by  the  Association  for  preparing  and  discussing  engineer- 
ing subjects. 

As  the  Seniors  leave  the  Association  now,  and  its  care  falls  upon  the 
Juniors,  I  w^ould  like  to  suggest  that  the  Juniors  make  special  efforts 
to  get  all  the  Sophomores  into  the  Association  as  soon  as  possible,  that 
meetings,  early  in  the  year,  may  be  largely  attended  ;  and  that  an  in- 
vitation always  be  extended  to  underclassmen  to  attend  meetings.  I' 
would  like  to  urge  that  the  Appointment  Committee  make  out  program 
of  meetings  as  far  ahead  as  possible  ;  in  order  that  plenty  of  time  may 
be  given  for  preparation,  and  regularity  of  meetings  may  be  insured. 
The  Current  Events  Committee  has  made  some  interesting  reports  dur- 
ing the  year.  In  this  connection,  I  would  like  to  suggest  that  the 
membership  of  the  committee  be  changed  from  term  to  term,  and  that 
opportunity  be  given  for  discussing  the  subject  brought  up,  if  possible. 

I  would  like,  now^  to  thank  the  members  of  the  Association  for  their 
cordial  support  during  the  past  year,  and  the  officers  and  committees 
for  their  kind  co-operation  in  Association  matters. 

The  Members  of  the  Class  of  Ninety-nine  now  bidding  farewell  as 
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active  members  in  the  Association,  I  am  sure,  carry  with  them  pleas- 
ant memories  of  their  connection  with  the  Association  and  will  always 
be  interested  in  its  welfare.  I  now  take  pleasure  in  presenting  the 
chair  to  the  President  for  1900. 

Friend  Pitts  Williams. 


NON-RESIDENT  LECTURERS, 

1898-1899. 

*Maj or  Thomas  W.  Symonds— Jan.  20.  The  Corps  of  Engineers  of  the  United 
States  Army  and  Some  of  its  Works. 

John  C.  Trautwine,  Jr.,— Feb,  3.    The  Waterworks  of  Philadelphia. 

Onward  Bates— Feb.  17.    The  Engineer  at  Work. 

*Henry  Goldmark— March  17.    Locks  and  Lock-Gates  for  Ship  Canals. 

*George  W.  Rafter— April  14.    Data  of  Stream  Flow  in  Relation  to  Forests. 

*David  Molitor— April  28.  The  Present  Status  of  Engineering  Knowledge  Re- 
specting Masonry  Construction. 

Edwin  Duryea,  Jr.,  '83— May  5.  The  Qualities  and  Habits  of  Work  Most  Neces- 
sary to  Secure  Success  in  Civil  Engineering.  An  Address  to  the  Graduating 
Class. 

*  Contained  in  this  volume. 


OFFICERS  FOR  1899-1900. 


President, 
LEON  D.  CONKLING. 

Vice-President, 
S.  T.  DR  LA  MATKR. 

Treasurer, 


C.  W.  COIT. 

Correspondifig-  Secretary, 
PROFESSOR  CHARLES  L.  CRANDALL. 

Record  ing  Sec  ret  a  ry , 
GEORGE  W.  PENFIELD. 

Appointment  Committee, 


S.  T.  DE  LA  MATER,  Chairman, 


M.  E.  SHIRE, 


E.  M.  GRAVES. 


Executive  Committee, 


C.  W.  COIT,  Chairman, 


W.  E.  CONKLIN, 


W.  J.  CUNNINGHAM. 


Publicatio7i  Committee, 


W.  O.  WHITE,  Chairman, 


J.  A.  VOGLESON, 
R.  A.  PENDEGRASS, 


A.  H.  VON  BAYER, 


G.  E,  J.  PISTOR. 


STUDENT  MEMBERS  OF  THE 


ASSOCIATION  OF  CIVIL  ENGINEERS, 

CORNELL  UNIVERSITY. 


GRADUATE. 


G.  G.  Smith,  Jr., 


C.  C.  More. 


SENIORS. 


Adair,  A.  P. 
Barton,  C.  L. 
Belden,  C.  H. 
Bertolet,  H.  E. 
Button,  E.  D. 
Darrow,  M.  S. 
Darrow,  W.  J. 
Dennis,  H.  \V. 
Fisher,  N.  S. 
Fisher,  Waj^er. 


Getman,  F.  L. 
Higley,  A.  H. 
Krome,  W.  J. 
Lanpher,  E.  E. 
Liieder,  A.  B. 
McHarg,  Leslie. 
Merrill,  Ogden. 
Mildon,  R.  B. 
Moore,  E.  J. 
Owen,  E.  H. 


Reyna,  Serapio. 
Rue,  M.  A. 
Taylor,  R.  C. 
Thomson,  Alexander,  Jr. 
Trautwine,  J.  C,  3rd, 
Underhill,  Arthur. 
Whitson,  A.  U. 
Williams,  F.  P. 
Yoimg,  H.  A. 


JUNIORS. 


Artingstall,  Wm. 
Basse tt,  H.  H. 
von  Bayer,  A.  H. 
Butler,  \V.  M. 
Coit,  C.  W. 
ConkHn,  W.  E. 
Conkling,  L.  D. 
Cunningham,  W.  J. 


Davis,  J.  C. 
De  La  Mater,  S.  T. 
Egeberg,  H.  O. 
Engel,  F.  J. 
Fitch,  S.  E. 
Gehring,  E.  W. 
Graves,  E.  M. 
Miner,  J.  H. 


Pendergrass,  R.  A. 
Penfield,  G.  W. 
Shire,  M.  E. 
Swanitz,  H.  W. 
Taylor,  T.  W. 
Vogleson,  J.  A. 
Wagner,  G.  O. 
White,  W.  O. 


MEMBERS  OF  THE 

ASSOCIATION  OF  CIVIL  ENGINEERS 


CORNEU.  UNIVICRSITY. 
Am,  Graduatics  of  thk  Cou.kge  of  Civil.  Enginkhring  up  to 

AND  InCIvUDING  1H99. 

The  address  oti  the  line  with  the  name  is  the  home  or  permanent  one  ;  that  on 
the  line  below  is  the  business  or  usually  more  temporary  one.  Wlien  only  one  is 
given  its  position  is  an  index  of  its  permanency,  except  when  forced  from  one  posi- 
tion to  the  other  by  lack  of  room.  All  the  addresses  have  been  verified  since 
March  i,  1899,  txcept  those  in  italics.  All  changes  in  address  should  he  reported 
promptly  to  tlie  Corresponding  Secretary. 

Adair,  Arthur  P.  .   .   .  B.C.E.,  C.E.,  '99   Moscow,  Idaho. 

Agate,  Elroy  T  C^".,  '97  Pittsford,  N.  Y. 

With  the  Canadian  Pacific  Ry.,  Grand  I'orks,  B.  C. 
Alexander,  Fred  B  C.E.,  '74  210  Macon  St.,  Brooklyn,  N.  Y. 

Supt.  Union  Rattan  Mfg.  Co.,  22  Morton  St. 

Alexander,  Henr}- D  C.E.,  '93;  M.  Roch.  Engrg.  Soc, 

20  Matthews  St.,  Rochester,  N.  Y. 

Draftsman,  U.  S.  Board  Engrs.,  21  Arcade,  Utica,  N.  Y. 
Allen,  Charles  I'  CE.,''J2,  .   .   .   .  2610  Lafayette  vSt.,  Denver,  Colo. 

Chief  Accountant,  Arapahoe  Co. 
Anderson,  Robert  H  C.E.,  '98  ,  Care  Wm.  vSeward  &  Co.,  Auburn,  N.  Y.. 

Roumelie  Hissai,  Constantinople,  Turkey. 
Ashby,  Charles  W  C.E.,  '93  11  Hudson  Ave.,  Troy,  N.  Y. 

Asst.  Shop  Eiigr. ,  Schenectady  Loco.  Wks.,  Schenectady,  N.  Y. 
Atwood,  William  G  Ci?.,  '92  Fredonia,  N.  Y. 

U.  S.  Dep.  Surveyor,  Rampart  City,  Alaska. 
Avery,  Fred  H  C.E.,  '97  41  St.  James  Pi.,  Chicago,  111. 

Draftsman,  Union  Br.  Co.,  Athens,  Pa. 
Aylen,  John  C.E.,  '77  ;   M.  Can.  vSoc  C.  E.  ;  Aylmer,  Canada. 

Ch.  Eugr.,  Met.  Electrical  Co.  of  Ottawa  (Ltd.),  Ottawa,  Canada. 
Ayres,  C.  Morton   C.E.,  '94;  M.  Mich.  Ornithological  Club. 

Sub  Inspector,  Improvement  St.  Mary's  River,  U.  S.  Engr's.  Office, 

Sault  Ste.  Marie,  Mich. 

Bacon,  Geo.  Morgan  C£". ,  '93  West  Medford,  Mass.. 

Consulting  and  Contr.  Engr.,  194  Washington  St.,  Boston,  Mass. 
Bailey,  Earl  B  C.E.,  '94  E.  Aurora,  Erie  Co.,  N.  Y.. 

Trav.  Salesman,  care  John  R.  Keim,  Buffalo,  N.  Y. 


List  of  Meinbers  and  G?'aduates. 
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Baker,  Chas.  H  C.E.,  '86   Seattle,  Wash. 

President,  Snoquahiiie  Falls  Power  Co.,  Seattle  Cataract  Co  ,  Ta.  C.  Co. 
Baker,  Howard  W  C.E.,'S6  ...  230-236  Adams  St  ,  Chicago,  111. 

Asst.  Manager,  Butler  Bros.,  Wholesale  Gen.  Mdse. 
Balcom,  H.  Gage  C.E,,  '97  .  Bergen,  Genesee  Co.,  N.  Y. 

Draftsman,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Baldwin,  Ernest  H  C£".,  '92  ;  Assoc.  M.  Am.  Soc.  C.E., 

549  St.  Louis  St.,  Springfield,  Mo. 

Asst.  Engr.,  Met.  Water  Board,  23  Piospect  St.,  Clinloii,  Mass- 
Banks,  John  E  C.B.,  '92  ;  Fel.  Royal  Asiatic  Soc.  ;  Knoxville,  la. 

Principal,  Anglo-Chinese  vSchool,  Singapore,  S.  S.,  Asia. 
Barbour,  Irwin  W  C.£.,  '94  Woodfords,  Me. 

Asst.  Engr.  to  Com.  Public  Wks.,  Portland,  Me. 
Bardol,  Frank  V.  E  '89  ;  M.  Eng.  Soc.  W.  N.  Y.  ;  437  E.  Utica  vSt. 

Ch.  Engr.,  Board  Public  Works,  13  City  Hall,  Buffalo,  N.  Y. 
Barnes,  Fred  A   C.E. ,  '^7,  M.C.E.,  '98  .   .   .  .    Stockbridge,  Mass. 

Asst.  City  Engr.,  Santiago  de  Cuba. 
Barros,  Carlos  Paes  de  .   .    .   .  C.E.,  '76  ;  18  Rua  Santa  Ephigenica, 

Coffee  Planter.  Sao  Paulo,  Brazil. 

Barton,  Calvin  h  C.E.,  'gq  Little  Meadows,  Pa, 

Battin,  Henry  W.  C.E.,'8i  Baraboo,  Wis. 

Asst.  Supt.,  C  &  N.  W.  Ry. 
Beahan,  Willard  ....  C.E  ,  '78;  M.  Am.  vSoc.  C.  E.,  M.  St.  L.  E.  Club. 

Liv.  Engr.,  L.  V.  R.  R.,  Easton,  Pa. 
Bean,  Milford  C  CE.,  '72  McGrawville,  N.  Y. 

Civil  Engineer  and  vSurveyor. 
Beardsley,  James  W  C.E.,  '91  ;  M.  West.  Soc.  C.  E.  .  .  .  Lockport,  111. 

Asst.  Engr.,  U.  S.  Board  of  Engrs.,  Deep  Waterways,  34  Congress  St.,  De- 
troit, Mich. 

Becker,  Charton  L  C.E.,  '88  vSterlingville,  N.  Y. 

Contractor  and  Builder,  166  Devonshire  vSt.,  Boston,  Mass. 
Beebe,  Roscoe  C  C.E.,  '92  Ludlowville,  N.  Y. 

Engr.,  with  Union  Bridge  Co.,  Athens,  Pa. 

Belden,  Clifford  H  C.E.,  '99  .   .  217  Laurel  St.,  Hartford,  Conn. 

Bellinger,  Lyle  F  C.E.,  '87  ;  M.  vS.  &  S-  W.  Ry.  Club  ;  Ilion,  N.  Y. 

Capt.  Co.  G.,  3d  U.  S.  V.  Engrs.,  Fort  McPherson,  Ga. 
Benson,  Orville  .         .  .  CE.,  '88;  M.  O.  Soc.  Surv.  and  C.  E.  ;  Canton,  O. 

1st  Lieut.,  2d  U.  S.  V.  Engrs.,  A.  A.  Q.  M.  and  Com.  Sub.,  Div.  of  Cuba, 
Mil.  Hosp.,  Havana,  Cuba. 

Bertolet,  Hey  man  E  C.E.,  '99  Oley,  Pa, 

Beye,  John  C  C.E.,  '83  ;  M.  West.  Soc.  Engrs.  ;  Omaha,  Neb. 

Asst.  Engr.,  U.  P.  R.  R. 
Bi.shop,  Hubert  K  CE.,  '93  Fairport,  N.Y. 

City  Engr.,  Hudson,  N.  Y. 
Bissell,  Frank  E.  CE.,  '78,  M.CE.,  '79;  M.  Am.  Soc.  C.  E. 

Asst.  Engr.,  Wheeling  &  Lake  Erie  Ry.,  421  vSpitzer  Bldg.,  Toledo,  O. 
Blake,  Henry  E   C.E.,  '73  12  Walnut  St.,  N.  Adams,  Mass 

Asst.  in  City  Engineering  Department. 
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Boright,  William  P  C.E.,  '92,  M.C.E.,  '94:  Assoc.  M.  Am.  Soc.  C.  E.  ; 

Chatham,  N.  Y. 

Asst.  Engr.  on  Const.,  C.  &  N.  W.  Ry.,  vSanborn,  Minn. 
Bowen,  Coryden  H  C^".,  '93  Eagle  Grove,  la. 

Roadmaster,  C.  &  N.  W.  Ry. 
Bowes,  Thomas  F  C/f.,  '91  Bath,  N.  Y. 

Asst.  Engr.,  Street  Dept.,  30  Treniont  St.,  Boston,  Mass. 
Bowman,  Daniel  W  C/s.,  '72  Phoenixville,  Pa. 

Asst.  Engr.,  Phoenix  Iron  Co. 
Boynton.  PZdniond  P.  .  .   .   .   .  C  H.,  '93  ;  Secy.-Treas.  la.  Eng.  Soc. 

City  Engr.,  Boynton  &  Warriner,  Civil  Engrs.,  City  Hall,  Cedar  Rapids,  la. 
Brandiall,  William  E  C.E.,  '77,  LL.B  506  Iglehart  St. 

Lawyer,  508-11  N.  Y.  Life  Bldg.,  St.  Panl,  Minn. 
Brewer,  Isaac  C  C.E.,  '89;  M.  South.  vSoc.  C.  E.         Sandusky,  O. 

Chemist,  Jarecki  Chem.  Works  and  City  Engr. 
Brooks,  George  G  C^.,  '94  .   .   .   vScranton,  Pa. 

Geu'l.  Mgr.,  Laflin  Coal  Co. 

Brown,  Allen  J  CE.,  '96  .   .     33  E.  Catharine  St.,  Oswego,  N.  Y. 

Brown,  Homer  C  C.E.,  '97  .   .  .  1023  6th  Ave.,  New  York, 

care  C  L-  Kellogg. 
Rodman,  C.  &  N.  W.  Ry.,  Cedarville,  Martin  Co.,  Minn. 

Brown,  William  (T.Zi.,  '93  Belfast,  N.  V. 

Brownell,  James  P  C.E.,  '91  Carthage,  N.  Y. 

Civil  Engineer  and  vSurveyor. 
Bruen,  Frank  C.E.,  '78  Forest  Ave.,  Dayton,  O. 

Clerk,  Bristol,  Conn. 
Bryson,  Tliomas  B  C.E.,  '94  Mechanicsburg,  Pa. 

The  L-  P.  &  J.  A.  Smith  Co.,  811  Berry-Payne  Bldg.,  Cleveland,  O. 
Bullis,  Abrani  R.  .  .   .     B.S.,  C.E.,  '82;  M.  Am.  Math.  Soc.  .  .  Macedon,  N.  Y. 

Burns,  Justin  A  C-fi".,  '92  ;  Assoc.  M.  Am.  Soc.  C.  E.  ; 

35  Gotham  St.,  Watertown,  N.  Y. 

Asst.  Engr.,  Dept.  Bridges,  Borough  of  Bronx,  3d  Ave.,  New  York. 

Button,  Ernest  D.   .   .  C.E.,  '99  .   Schaghticoke,  N.  Y. 

Carlin,  Joseph  P  B.S.,  C.E.,  '97  ;  Jun.  Am.  Soc.  CE.  ; 

113  Clinton  Ave.,  Brooklyn,  N.  Y. 

Engr.,  Constr.  of  Naval  Acad.,  Annapolis,  Md. 
Carpenter,  Frederick  W.  .   .  .  C.E.,  '84  .   .  .  29  Lafayette  Ave.,  Brooklyn,  N.  Y. 

Asst.  Engr.,  Dept  Highways,  Borough  Brooklyn,  21  Municipal  Bldg. 
Church,  Irving  P   C.E.,  '73,  M.C.E.,  '78  Ithaca,  N.  Y. 

Prof.  Applied  Mechanics  and  Hydraulics,  Cornell  University. 
Clark,  Charles  H  C^".,  '92  Canastota,  N.  Y. 

Asst.  Engr.,  Trenton  Falls  Elect.  Power  Co.,  Grant,  N.  Y. 
Clark,  Dan  B   C.E.,  '93    Clinton,  Mass. 

Transitman,  Metropolitan  Water  Board,  Clinton. 
Clark,  Frank  B  C.E.,  '96  Fulton,  N.  Y.  (West  Side.) 

Civil  Engineer  and  Surveyor. 
Clark,  Thomas  S  C.E.,  '94  Denver,  Colo. 

Asst.  Engr.,  U.  P.  R.R.  Co.,  Room  25,  Union  Depot. 

Clay,  Francis  W.  H  C.E.,  '93,  LL.B.,  LL.M.  ;  M.  Pat.  Law; 

White  Hall,  Ky. 

Asst.  Examiner  Patents,  U.  S.  Patent  Office,  Washington. 
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Coe,  Ira  J  C.E.,  '94  Dover,  N.  J. 

Civil  Engineer,  210  Water  St.,  New  York. 
Colburn,  D.  Kent  C.E.,  '72  Houston,  Texas. 

Supt.  Bridges  and  Bldgs.,  S-  P.  R.R.  Co.,  Atlantic  System,  Houston. 
Collins,  Charles  W  C.E.,  '89  Greenwich,  N.  Y. 

Civil  Engineer,  1030  Witherspoon  Bldg.,  Phila.,  Pa. 
Colnon,  Rednon  S  C.E.,  '87  ;  M.  Engr's  Club,  St.  Louis. 

Contractor,  118  Laclede  Bldg.,  St.  Louis,  Mo. 
Colsten,  Albert  L  C£".,  '95  Binghamton,  N.  Y. 

Professor,  Oahu  College,  Honolulu,  H.  I.  (will  return  in  June). 

Comstock,  Charles  W  C.E.,  Met.E.,  M.C.E.,  '94,  Ph.D.,  '98;  Jun.  Am. 

Soc  C.  E.,  Secy.  Col.  Scientific  Soc;  278  S.  Lincoln  Ave.,  Denver,  Colo, 

Prof.  Mining  Eng.,  Colorado  State  School  of  Mines,  Golden. 
Conable,  Morris  R  C.E.,  '76,  M.S.  .  .  .  82  E.  5th  St.,  St.  Paul,  Minn. 

Employing  Printer. 

Conger,  Alger  A  C.E.,  '97  ;  Jun.  Wes.  Soc.  Engrs. ;  Gouveneur,  N.Y. 

U.  S.  Board  Engrs.,  Deep  Waterways,  34  W.  Congress  St.,  Detroit,  Mich. 
Cornell,  Oliver  H.j  P.  .  .  .  M.C.E.,  '74   Ithaca,  N.  Y. 

President  Standard  Barrel  Co.,  23  Park  Row,  New  York. 
Cory,  Harry  T.,  .  .  B.M.E.,  B.C.E.,  M.C.E.,  '93  ;  Jun.  Am.  Soc.  C  E., 

Jun.  Am.  Soc.  M.  E- 

Prof.  Civil  and  Sanitary  Engrg.,  Univ.  of  Mo.,  Columbia,  Mo. 
Couch,  Vinton  M  C.E.,  '92  Odessa,  N.  Y. 

Asst.  Engr.,  Bur.  Water  Supply,  City  Hall,  Pittsburg,  Pa. 
Cox,  Homer  F  C.E.,  '97  ;  M.  Scran.  Engrs.  Club  ;  424  Colfax  Ave. 

Civil  Engr.,  Court  House,  Scranton,  Pa. 
Crandall,  Charles  L  C.E.,  '72,  M.C,E.,  '76;  M.  Am.  Soc.  C.  E. 

Prof.  Railway  Engineering,  Cornell  University,  Ithaca,  N.  Y. 

Crane,  Albert  S  91,  ;  Assoc.  M.  Am.  Soc.  C.  E., 

M.  Bos.  Soc.  C  E.,  M.  Brook.  E.  Club  ;  Addison,  N.  Y. 

Ch.  Asst.  Engr.,  Mich.  Lake  Superior  Power  Co.,  Sault  Ste.  Marie,  Mich. 
Crouch,  Nelson  S  C.E.,  '90;  M.  C  E.  Club,  Cleveland.  .  .  Erie,  Pa. 

Miller  and  Grain  Dealer,  240  E.  8th  St. 
Cummings,  Elmore  D  C.E.,  '89  Indiana,  Pa. 

U.  S.  Engrs.  Office,  St.  Paul,  Minn. 
Cummings,  Noah  CE.,  '94;  Jun.  Am.  Soc.  C.  E.  .  Chaseville,  N.  Y. 

Asst.  Engr.,  Board  Pub.  Impvts.,  3d  Ave.  and  177th  St.,  New  York. 
Curtis,  Charles  E  C.E.,  '85  217  Cedar  St.,  Corning,  N.  Y. 

Instrumentman,  U.  S.  Deep  Waterways,  34  W.  Congress  St.,  Detroit,  Mich. 
Curtis,  Charles  W.,  C.E.,  '^?>,'LL.B.  Washington,  D  C. 

Advertising  Manager,  Sill  Stove  Works,  Rochester,  N.  Y. 
Curtis,  Gram  CE  .,  '72  .  .   .  .60  Wallace  Ave.,  New  Castle,  Pa. 

Engineer,  National  Steel  Co.,  Shenango  Mills. 
Curtis,  Winthrop  L  C.E.,  '92  Horseheads,  N.  Y. 

Civil  Engr.,  300  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 

Darrow,  Marius  S.   '99  65  Albany  Ave.,  Kingston,  N.  Y. 

Darrow,  Wilton  J  CE.,  '99  Lakewood,  N.  Y. 

Davenport,  Ward  P  C.E.,  '93  Plymouth,  Pa. 

vSupt.  Plymouth  Water  Co.  and  Plymouth  Light,  Heat  and  Power  Co, 
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Davis,  Carl  E  CvS".,  '91  ;  M.  West.  vSoc  Engrs. 

icx)0  Main  St.,  Council  Bluffs,  la. 

Asst  Engr.,  vSan.  Dist.,  Chicago  ;  Office  41  at  5502  Hal.sted  St.,  Chicago,  111. 
Davis,  Charles  S.,  C.E.,  '89;  M.  O.  Soc.  Surv.  and  C.  E-;  Toledo,  O. 

Chief  Engr.,  The  Massillon  Bridge  Co. 
Davis,  Lynn  L   C.E.,  '96  Clear  Creek,  N.  Y. 

U.  S.  Chief  luspr.,  i[or  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
De  Lano,  Harry  C  CE.,  '95  ;  M.  Franklin  Institute  ;  Canastota,  N.  Y. 

Lieut,  ist  Reg.  Volunteer  Engrs. 

Denipsey,  John  J  Ci5^.,  '99  .   .      .  .  512  Maple  vSt.,  Manistee,  Mich. 

Dennis,  Harry  W  CE.,  '99     ■  •   •  .  39  Mayfield  Rd,,  Cleveland,  O. 

Devin,  George  .  .  .  .   .  .  .  .  C^.,  '73  ;  M.  Am.  Soc.  C.  E.; 

220  W.  57th  St.,  New  York. 

Bridge  Engr. 

Dickinson,  J.  Haines  C.E.,  '90  ....    410  Canal  St.,  New  Orleans,  La. 

Man'g.  Engr.,  South.  Of.  Lidgerwood  Mlg.  Co,  ;   Engr.  Woodward,  Wright 
&  Co  ,  Ltd. 

Dillenbeck,  Clark.   C.E.,  '88;  M.  Engr.  Club,  Phila.  ;  Chestnut  Hill. 

Asst.  Engr.,  P.  &  R.  Ry.,  ch.  Bldg.  Work,  Room  516,  Reading  Ter'l,  Phila. 
Dimon,  Daniel  Y  '96  Riverhead,  N.  Y. 

Compr.  and  Designing  Engr.,  Groton  Br.  and  Mfg.  Co.,  Groton,  N.  Y. 
Dimon  Henry  G  C.E.,  'Sj  Groton,  N.  Y. 

Consulting  Bridge  Engineer. 
Dingle,  James  H.    .   .  ,  B  A.,  C.E.,  '92;  Jun.  Am.  Soc.  C.  E.  ;  Charleston,  S.  C. 

City  Surveyor. 

Dixon,  De  Forest  H  C.E.,  'gS      .  580  Milwaukee  St.,  Milwaukee,  Wis. 

With  Alex.  Potter,  C.  E.,  Montour  Falls,  N.  Y. 
Dodge,  J.  Lynn  C.E.,  '94  West  Winfield,  N.  Y. 

As.st.  Engr.,  Room  220,  South  Station,  Boston,  Mass. 
Dodgson,  Frank  L  C.E.,  '89;  M.  Rochester  Ac.  Soc. 

Eng.,  Standard  R.  R.  Signal  Co.,  Troy,  N.  Y. 
Doerflinger,  Augustus   .   .   .   .  C '71  .   .   .  85  Lafayette  Ave.,  Brooklyn,  N.  Y. 

U.  S.  Asst.  Engr.,  39  Whitehall  St.,  New  York. 

Dole,  Walter  S  C.E.,  '92;  M.  West.  Soc.  C.  E.,  M.  Am.  Gas 

Light  Assoc.,  People's  Gas  Co.  ;  Chicago,  111. 

Supt.  S.  Station  People's  Gas  Lt.  and  Coke  Co.,  Deering  and  Cologne  Sts. 
Doores,  William  R  C.E.,  '93   San  Juan,  Porto  Rico. 

Officer,  U.  S.  Army. 

Dowling,  Joseph  L  C.E.,  '89  Lima,  Ohio. 

Engineer  Buckeye  Pipe  Line  Co. 
Downey,  Archibald  S.  .   .   .  .  C.E.,  '96  .  •  *  .  .  550  Jackson  Boul.,  Chicago,  111. 

Civil  Engineer,  Seattle,  Wash. 

Duckham,  Albert  E  C.E.,  '90;  M.  E.  Soc.  W.  Pa.  ; 

232  Rebecca  St.,  E.  E.,  Pittsburg,  Pa. 

Prin.  Asst.  Engr.,  Rec't'n.  Lauglilin  &  Co.'s  Plant,  1206  Carnegie  Bldg. 
Duffies.  Edward  J  C.E.,  '88;  Mem.  N.  A.  S.  C  E.  .  .  Duluth,  Minn. 

Civil  Engineer. 

Dunham,  Walter  H  C^".,  '94  Nichols,  N.  Y. 

With  the  Union  Bridge  Co.,  Athens,  Pa. 
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Dunlap,  Arthur  H.  .  .  B.S.  of  C.E.,  C.E.,'^c)  Miami.  Mo. 

Dunn,  Frank  S   .  C.E.,  '92  Albany,  N.  Y. 

Supt.  Municipal  Gas  Co  ,  1131  Broadway. 
Duryea,  Edwin,  Jr  C.E.,  '83  ;  M.  Am.  Soc.  C.  E.,  M.  Wes.  Soc.  Engrs. 

Resdt.  Engr.,  New  East  River  Bridge,  84  Broadway,  Brooklyn,  N.  Y. 
Dyson,  James  C.E.,  'jS  .  .    12th  and  Reese  Sts.,  Silverton,  Colo. 

Civil  and  Mining  Engineer. 
Earl,  Mark  A  B.S.,  M.C.E.,  '94  Centralia,  111. 

Civil  Engineer,  908  Fisher  Bldg.,  Chicago,  111.,  Sec'y  Phoenix  Const.  Co. 
Eddy,  Henry  T.  .  .  .  A.B.,  M.C-E.,  '70,  Ph.D.  ;  M.  Am.  Phil.  Soc,  M.  A.  A.  A.  S. 

Prof,  of  Engrg.  and  Mech.,  Univ.  of  Minnesota,  Minneapolis,  Minn. 
Edwards,  James  H  C.E.,  '88  ;  M.  Am.  Soc.  C.  E. 

Chief  Engr.  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Ehle,  Boyd  C.E.,  '86;  Assoc.  M.  Am.  Soc.  C  E.  ; 

Fort  Plain,  N.  Y. 

Asst.  Engr.,  Nicaragna  Can.  Comm.,  Corcoran  Bldg.,  Washington,  D.  C. 
Eidlitz,  Otto  M  CE.,  '81. 

Builder,  489  5th  Ave.,  New  York. 
Emmons,  Charles  M,  C.E.,.  '88  Buffalo,  N.  Y. 

U.  S.  Asst.  Engr.,  U.  S.  Engrs.  Office,  Buffalo. 
Enos,  George  W.  C.E.,  '96  Chaumont,  N.  Y. 

Civil  Engr.,  Valatie,  N.  Y. 
Erisman,  Henry  L  C.E.,  '92  Wilhelni,  N.  Y. 

Resdt.  Engr.,  Con.str., Choctaw  &  M.  R.  R.,  Hartford,  Ark. 
Etuyre,  Samuel  L  C.E.,  '88;  M.  lyeague  of  Iowa  Municipalities. 

City  Engineer,.  Council  Bluffs,  Iowa, 
Ewing,  William  B  C^".,  '83  ;  M.  Am.  Soc.  C.  E.,  M.  W.  Soc.  E. 

Civil  and  Sanitary  Engineer  ;  City  Engineer,  I^a  Grange,  111. 
Falkenau,  Louis  C^".,  '73,  TJ/. C^".,  '77  .  .      .  ,  .  .  Chicago,  111. 

Contractor  and  Builder,  11 16-108  La  Salle  St. 
Farmer,  William   C.E.,  '76  .  .  220  Palisade  Ave.,  Jersey  City,  N.  J. 

Superintendent  Cooperage  Factory. 
Farnham,  Irving  T  C.E.,  '92  ;  M.Boston  Soc.  C.E. ;  West  Newton, Mass. 

First  Assistant  Engr.,  Mass.  Highway  Assoc.,  4  Mt.  Vernon  St.,  Boston,  Mass. 
Farrington,  William  S  C.E.,  '88  Syracuse,  N.  Y. 

Mem.  Firm,  Allen  Farrington  &Co.,  Civil  Engrs.,  513  Dillaye  Memorial  Bldg. 
Felton,  Charles  E  C^.,  '99  N.  Tonawanda,  N.  Y. 

Rodman,  N.  Y.  C.  &  H.  R.  R.R.,  Maint.  of  Way  Dept. 

Ferguson,  Oscar  W  C.E.,  '75  ;  M.  St.  Louis  E.  CI.  ; 

2128  McCauslane  Ave.,  vSt.  Louis,  Mo. 

A.sst.  Engr.,  U.  S.  B.  Engrs.  Deep  W.  W.,  34  W.  Congress  St.,  Detroit,  Mich. 
Ferris,  George  F  C.E.,'61  Claremont,  Cal. 

Orange  Grower. 

Filkins,  Claude  W.  L  C.E.,  '93,  M.C.E.,  '94  .  212  S.  4th  St.,  Olean,  N.  Y. 

Instructor  in  Civil  Engineering,  Cornell  University. 

Firth,  Elmer  W  C.E.,  '95,  A  M.  ;  M.  Jun.  Am.  Soc.  C.  E.  ; 

473  14th  St.,  Brooklyn,  N.  Y. 

Fellow  in  vSanitary  Engineering,  Columbia  University. 
Fish,  John  C.  L  C^".,  '92  ;  Jun.  Am.  Soc.  C.  E.  .  .  Palo  Alto,  Cal. 

Assoc.  Professor  Civil  Engineering,  Leland  Stanford  Univ. 
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Fisher,  Bertrand  H.  .  .  .  :  .  C.E.,  '85  .  .  .  1003  1-2  Broadway,  Oakland,  Cal, 

Supt.  Alameda,  Oakland  &  Piedniojit  Electric  Ry. 

Fisher,  Nathan  S  CE.,  '99  Norwich,  N.  Y, 

Fisher,  Wager  Cifi".,  '99  Rryii  Mawr,  Pa. 

Foote,  James  B  C/i.,  '99  ...   .  614  N.  George  St.,  Rome,  N.  Y. 

Fort,  Edwin  J.  C^.,  '93,  M.C.E.,  '94; 

Assoc.  M.  Am.  vSoc.  C.  E.,  M.  Brook  E.  Club. 
Asst.  Engineer,  Borough  of  Brooklyn,  Municipal  Bldg. ,  Brooklyn,  N.  Y. 

Frank,  Alfred  C.E.,  '98;  M.  Engr.  Club  Cincinnati  ; 

836  Windham  Ave. 

Draftsman,  Commrs.  W.  W.,  City  Hall,  Cincinnati,  O. 

Freeman,  Herman  M  C.E.,  '93  Orange  Valley,  N.J. 

Civil  Engineer. 

French,  James  B  C.E.,  '85;  INI.  Am.  Soc.  C.E.  ; 

692  Genesee  vSt.,  Utica,  N.  Y. 

Civil  h^ngr..  East  Berlin,  Conn. 
Frost,  Frederic  W  C.E.,  '72  406  W.  57th  vSt.,  New  York 

Mining  Engr.,  Sitka,  Alaska. 
Frota,  Antonio  E.  da  M.     .  .  C.E.,  '77  Ceard,  Brazil 

Professor  of  English  and  Mathematics. 
Fuertes,  James  H  CiT.,  '83  ;  M.  Am.  Soc.  C.  E.  ; 

Civil  and  Sanitary  Engineer,  100  William  St.,  New  York. 
Gaffin,  William   W  C.E.,  96  Leaf  River,  111. 

Asst.  Engr.,  C.  &  N.  W.  R.  R.,  Charter  Oak,  la. 

Galindo,  Invencio,  Jr  C-fi".,  '99  .  .   .  .  Panama,  Republic  of  Columbia. 

Garrett,  Robert  P  C.E.,  '97  ;  Jun.  Am.  vSoc.  C.  E.  .  Mound  City,  Mo. 

Resdt.  Engr.,  IHorence  W.  W.,  Florence,  Colo. 
Geigel,  Antonio  S  C.E.,  '92  San  Juan,  Porto  Rico,  W.  I. 

Asst.  Engr.,  Dept.  Public  Works,  in  ch.  Roads. 
Gelder,  Walter  H  C.E.,  '98  Flint,  Ontario  Co.,  N.  Y. 

Asst.  Engr.,  C.  &  O.  R.  R.,  Huntington,  W.  Va. 
George,  Edward  C-fi".,  '75  Nassau,  N.  P.,  Bahamas,  W.  I. 

Merchant. 

Getman,  Frank  L  C-fi". ,  '99  Lyons,  N.  Y. 

Gibbs,  Harley  S  '98  .  .  .   .     5463  Rosetta  St.,  Pittsburg,  Pa. 

With  John  N.  Ostrom,  Bridge  Engr. 
Gideon,   Abraham  C.E.,  '95  Tula,  Russia 

Asst.  Engr.,  Little  Falls  &  Herkimer  R.  R.,  Little  Falls,  N.  Y. 

Giflford,  Robert  L  C.E.,  '91  ;  M.  West.  Soc.  Engr.,  M.  Tech.  Club. 

.    Civil  Engr.,  221  Fifth  Ave.,  Chicago,  111. 
Gilbert,  Warner  W  '95  ;  M.  Roch.  Acad.  Sc.,  M.  Rcch.  Eng.  Soc. 

Leveler,  Joint  Top.  Survey  of  N.  Y.  State,  21  Locust  St.,  Rochester,  N.  Y. 

Gillette,  Olin  C  C.E.,  '71  23  Queen  St.,  Atlanta,  Ga. 

Golden.  Harry  E  C.E.,  '91  Little  Falls,  N.  Y. 

Asst.  Engr.,  Amsterdam  W.  W.  Extension. 
Goodman,  Robert  B  C.E.,  '94  .  .  1215  Old  Colony  Bldg.,  Chicago,  111. 
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Trumbull,  William  C       .  .     C.E.,  '82     .   .  Gold  Basin,  Snohomish  Co.,  Wash. 
Truran,  Ernest  A.  C  E.,'^^   Brewster,  N.  Y. 

Draftsman,  Elniira  Br.  Co.,  Ltil.,  156  Washington  St.,  Elmira,  N.  Y. 
Turneaure,  Frederick  E.  C.E.,  '89;  Assoc.  Am.  Soc.  C.  E.,  M.  W.  Soc.  E. 

Prof.  Bridge  and  Hyd.  Engrg.,  Univ.  of  Wis.,  Madison,  Wis. 
Turner,  Ebenezer  T.  .   .  C.E.,  '83  Iihaca,  N.  Y. 

Meteorologist,  N.  Y.  State  Weather  Bureau. 
Turner,  Horace  G.  .   .  .  C/f.,  '92  Pope's  Mills,  N.  Y. 

In  charge  of  Mill  Construction,  Ypsilanti,  Mich. 
Twining,  William  CE.,  '90  E.  Mauch  Chunk,  Pa. 

Asst.  Engr.,  C.  R.  R.  of  N.  J.,  Jersey  City,  N.  J. 
Underbill,  Arthur  .   .      C.E.,  '99  .   .   .  107  Harrison  Ave.,  Montclair,  N.  J. 

Upjohn,  Richard  R.  .   .  C.E.,  '80,  B.D.  .  296  Clinton  St.,  Brooklyn,  N.  Y. 

Priest,  Mamareneck„  N.  Y. 
Vedder,  Herman  K.  .  .  C.E.,  '87  ;  M.  Mich.  Eng.  Soc. 

Professor  Math,  and  Civil  Eng.,  Agricultural  College,  Mich. 
Vedder,  Wellington  R.  C.E.,  'gi   Leeds,  N.  Y. 

Asst.  City  Engr.,  City  Hall,  Syracuse,  N.  Y. 
Vickers,  Thomas  McE  C.E.,  '90;  M.C.E.,  '91  ;  Assoc.  M.  Am.  Soc.  C.  E. 

Asst.  Engr.,  Syracuse  Water  Works,  137  N.  vState  St. 
Vose,  Walter  I.  ...     C.E.,  '92  Manville,  R.  I. 

Merchant. 

Wadsworih,  Joel  E  C.E.,  '90 ;  Assoc.  M.  Am.  Soc.  C.E.,  M.  S.  P.  E.  Ed. 

Asst.  Engr.,  Berlin  Iron  Br.  Co.,  Middletown,  Conn. 
Waesche,  George  E.  .  .  A.B.,  C.E.,  '95   Thurmont,  Md. 

Draftsman,  147  Cedar  vSt.,  New  York. 

Wait,  John  C  C.E.,  '82,  M.C.E.,  '91,  LL.B.,  ;  M.  Am.  Soc.  C.  E.  ; 

Norwich,  N.  Y. 

Counsellor  at  Law  and  Consulting  Civil  Engr.,  220  Broadway,  New  York. 
Wait,  Owen  A.  ...     C.E.,  '98. 

Draftsman,  Union  Br.  Co.,  Athens,  Pa. 
Wallhauser.  George  O.     ...  C.E.,  '96  602  E.  State  vSt.,  Olean,  N.  Y. 

Draftsman,  Pittsburg,  Pa. 
Warner,  Monroe  .  .  C.E.,  '88  Pula.ski,  N.  Y. 

Asst.  Engr.,  N.  Y.  State  Canals. 
Warriner,  Thomas  B  C.E.,  '93;  M.  la.  Eng.  Soc. 

Civil  Engineer,  Cedar  Rapids,  la. 
Warthorst,  Frank  W  C.E.,  '74  Rosedale,  Kern  Co.,  Cal. 

Warthorst  &  Co.,  Mfrs.  and  Quarrynien,  Masillon,  O, 
Washburn,  Frank  S  C.E.,  '83  ;  M.  Am.  Soc.  C.E.,  M.  West.  Soc.  C.E. 

Contracting  Engr.,  27  William  St.,  New  York. 
Wasson.  Charles  W  C.E.,  '74;  M.  Acad.  Sci  Friendship,  N.  Y. 

Principal  Graded  School  No.  9,  Elmira,  N.  Y. 
Weatherson,  John  C.E.,  'gs  3739  Prairie  Ave.,  Chicago,  111. 

Student  of  Medicine. 


xxxii     Association  of  Civil  Engineers  of  Cornell  University . 


Webb,  Walter  L  C.E.,  '84,  M.C.E.,  '89;  Assoc.  M.  Am.  Soc.  C.  E., 

M.  E.  CI.,  Phila. 

Asst.  Prof.  Civil  Eiigrg.,  Univ.  of  Pa.,  Philadelphia,  Pa. 

Weed,  Addison  C.E.,  '79  New  Ilarlford,  N.  Y. 

r'arnier. 

Welker,  Philip  A  C.E.,  '78;  M.  Nat.  Geog.  vSoc.  .  Washington,  D.  C. 

Asst.  U.  vS.  Coast  and  Geod.  Survey,  Cotntnanding  U.  S.  vS.  "  Bache." 
Wheelock,  Charles  B  C.E.,  '76   Boston,  Mass. 

Insurance,  93  Water  St. 
Whelpley,  J.  R  C.E.,  '96     .  800  East  Cap.  vSt.,  Washington,  D.  C. 

Rodman,  Engr.  Dept.,  I).  C. 
Whiskeman,  James  P  C.E.,  '98  30  So.  4th  vSt.,  Reading,  Pa. 

Monumenting  Dept.,  Bd.  Pub.  Impts.,  Topog.  Bureau,  New  York, 
White,  Timothy   S.  .   .  C.E.,  '73;  M.  Am.  vSoc.  C.  E.,  M.  E.  Soc.  W.  Pa. 

Vice-President  and  Ch.  fi)ngr.,  Penn.  Br.  Co.,  Beaver  Falls,  Pa. 

Whitson,  Abraham  U  C.E.,  '99  Westbury  Sta.,  L.  I.,  N.  Y. 

Wick,  Richard  B.     .   .  C.E.,  '81  Warren,  Ohio. 

Cii.  PyUgr.,  Youngstown  &  New  Castle  Elect.  Ry. 
Wilcox,  Robert  B  C.E.,  '90  ...  .  285  W.  Adams  St.,  Chicago,  111. 

Engr.,  Charge  Rivers  and  Harbors,  City  Hall. 
Williams,  Chauncey  G.  .  .     C.E.,  '87;  Assoc.  M.  Am.  vSoc.  C.  E. 

Asst.  Engr.,  New  East  River  Bridge,  84  Broadway,  Brooklyn,  N.  Y. 

Williams,  Friend  P  C.E.,  '99  ...   .  703  W.  Sullivan  vSt.,  Olean,  N.  Y. 

Williams,  Sylvester  N.  .   .  .     C.E.,  '72;  M.  Soc.  Prom.  Engrg.  Ed. 

Prof,  of  Civil  Engineering,  Cornell  College,  Mt.  Vernon,  la. 
Wing,  Charles  B  C.E.,  '86  ;  Assoc.  M.  Am.  Soc.  C.E.,  M.  T.  Soc.  P.  Cst. 

Prof.  Bridge  Engrg.,  Stanford  Univ.,  Palo  Alto,  Cal. 
Wing,  F'rederick  K  C.E.,  '90;  Jun.  Am.  vSoc.  C.  E. 

Civil  Engineer,  iii  White  Building,  Buffalo,  N.  Y. 
Wolfe,  Frank  C  '95  Union  Bridge,  Md. 

With  American  Bridge  Works,  40th  St.  and  Stewart  Ave.,  Chicago,  111. 
Works,  Norris  M.  C.E.,  '97  Lima,  N.  Y. 

U.  S.  Sub.  Inspr.,  Buffalo  Breakwater,  iioi  Morgan  Building. 

Young,  Henry  A  C^".,  '99  .  .  .  ,110  Ravine  Ave.,  Yonkers,  N.  Y. 

Zarbell,  Elmer  C.E.,  95  4132  Ellis  Ave.,  Chicago,  IlL 

I  St  Lt.  and  Adt.  3rd  Batt.  3rd  Reg.  U.  S.  V.  Engrs. 


Deceased  Membei^s.  xxxiii 


DECEASED  MEMBERS. 

NAME.  RESIDENCE.  DATE  OF  DEATH. 

Ames,  Willis  C  CE.,  '77;  Whitney's  Point,  N.  Y.,  .  .  .  Feb.  23,  1894 

Aylen,   Charles  P  C.E.,  '76;  Ayhner,  Canada  April,  1894 

Bueno,  Francisco  de  A.  V.  .  C.E.,  '76;  Rio  de  Janerio,  Brazil,  ....  About  1881 
Carpenter,  Frank  DeY.  .  .  C.E.,  '73  ;  M.C.E.,  '76  ;  Highland,  N.  Y.,  Dec.  19,  1883 

Clark,  Ira  E  C^.,  '72  ;  Weston,  Mass   ]\Iay  23,  1882 

Cook,  Isaac  N  CE.,  '75  ;  Jersey  City,  N.  J.,  May  7,  1885 

Cooper,  Edgar  H  C.E.,  '85  ;  New  York  City,  Oct.,  1890 

Dodd,  Franklin  M.  G.  .   .  C.E.,  '90;  Franklin,  N.  J.,  Sept.  13,  1891 

Dobraluboflf,  John  A.  .  .     C.E.,  '74;  Xijney  Novgorod,  Russia,  .  .   .  About  1882 

Eidlitz,  Alfred  F  C.E.,  '76;  New  York  City,  April  22,  1877 

Farnhani,  Whitfield  ....  C.E.,  '71  ;  M.C.E.,  '74;  St.  Louis,  Mo.,  .  April  13,  1895 

Ferguson,  Nicholas  C.  .  .  CE.,  '79;  St.  Louis,  Mo.,  Sept.  22,  1896 

Fitch,  William  R  C.E.,  '74;  Ithaca,  N.  Y.,  .  April  14,  1886 

Foster,  Reuben  B  C.E.,  '74;  iJ/.C^., '77  ;  S.  Lake  Weir,  Fla  ,  Nov.  7,  1895 

Greene,  Almon  C  C^.,  '75  ;  Palmyra,  N.  Y.,   July  28,  1897 

Gunner,  Daniel  W  C^.,  '87  ;  Schagticoke,  N.  Y.,  Oct.  10,  1887 

Holbrook,  Ernest  M.  .   .     C.E.,  '89;  M.C.E.,  '90;  Ithaca,  N.  Y.,  .  Oct.  9,  1892 

Hulse,  Howard  C  C.E.,  '91  ;  Brooklyn,  N.  Y.,  Feb.  20,  1893 

Landers,  Herbert  H.  .  .  .  C.E.,  '90;  Green  Island,  N.  Y.,  ....     Feb.  4,  1893 

Lyman,  George  F  C.E.,  '73  ;  Tenafly,  N.  J.,  Dec.  25,  1880 

MacMuUen,  Justus  C.  .  .  C.E.,  '76;  Unionville,  N.  Y.,  Jan.  31,  1888 

Preston,  Kolce  ...  CE.,  '73;  Wilmington,  Del.,   Jan.  4,  1876 

Rogers,  Jesse  A  CE.,  '91  ;  Evans  Mills,  N.  Y.,  .  '.   .  .  .  April  24,  1897 

Sheldon,  Daniel  C  C.E.,  '83;  Delphi,  N.  Y.,   Oct.  2,  1893 

Shepard,  Frank  W  CE.,  '86;  Medina,  O.,  Feb.  10,  1892 

Smith,  George  La  T.  .  .  .  C.E.,  '71  ;  i1/.C^.,'74;  Canandaigua,N.Y.,June25,i892 

Smith,  William  J  CE.,  '79;  Charleston,  N.  Y.,  Dec.  3,  1886 

Stewart,  Neil,  Jr.  C.E.,  '87;  York,  N.  Y.,  March  30,  1891 

Tilley,  George  A  C.E.,  '73  ;  Washington,  D.  C,     ...  March  14,  1877 

Tompkins,  John  H  CE.,  '73;  Poughkeepsie,N.  Y.,  July,  1879 

Van  Cauteren,  Eniile  A.  .   .  C.E.,  97;  Pringy,  Seine-et-Marne,  France,  July  4,  i89<j^ 

Viegas-Muniz,  Joaquim  .  .  C.E-,  '77;  Piracicaba,  Brazil,  About  1883 

Wightman,  Willard  H.  .  .  C.E.,  '81  ;  Ashland,  Ore.,  Oct.  29,  1889 
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5n  Ittemorttim. 

Emile  Ai^fred  Van  Cauteren,  C.  E.  '97. 

The  death  of  Mr.  Eiiiile  Alfred  \^an  Cantereii  occurred  July  4,  1898, 
he  being  one  of  the  victims  of  the  sinking  of  the  French  Liner,  Ea 
Bourgoyne. 

Mr.  Van  Cauteren  resigned  his  position  with  the  United  States  Deep 
Water-ways  Commission  July  ist,  in  order  to  accompany  his  si.ster  to 
their  home  at  Pringy,  France.  They  sailed  from  New  York  July  2nd, 
and  in  the  early  morning  of  July  4th  the  Bourgyne  collided  with  the 
British  ship  Cromartyshire  off  Sable  Island.  Mr.  Van  Cauteren's 
name  was  not  among  the  list  of  survivors. 

As  members  of  the  Association,  we  all  feel  his  death  deeply,  but  to 
those  who  were  immediately  a.s.sociated  with  him  in  the  University,  his 
death  appeals  most  strongly,  as  we  lose  not  only  an  associate  and  ac- 
quaintance, but  a  friend  faithful  and  true. 

Mr.  Van  Cauteren  was  born  September  14,  1875,  at  Brooklyn,  New 
York.  In  June,  1891,  he  graduated  from  the  Boys'  High  School, 
Brooklyn,  and  after  a  j-ear's  further  study  entered  Cornell,  registering 
in  Civil  Engineering  with  the  class  of  1897.  On  entering  the  Univer- 
sity he  won  the  Stewart  L.  Woodford  Scholarship,  and  by  his  thorough 
systematic  work,  soon  placed  himself  at  the  head  of  his  class. 

After  graduating  in  June,  1897,  Van  Cauteren  spent  the  summer 
at  his  home  in  Pringy,  France.  He  returned  in  the  fall  and  entered 
the  service  of  Slialer  and  Crimmins  as  inspector  on  the  New  York  sub- 
ways. This  position  he  resigned  in  November  to  accept  a  position 
under  the  U.  S.  D.  W.  Survey  on  the  Western  Division  of  the  Oswego 
Route,  where  he  remained  until  the  time  of  his  resignation  in  July  to 
return  to  France. 


THE  CORPS  OF  ENGINEERS  OF  THE  UNITED  STATES 
ARMY  AND  SOME  OF  ITS  WORKS. 


MAJOR  THOMAS  W.  SYMOXDS,  CORPS  OF  ENGINEERS  U.  S.  ARMY. 

There  is  one  branch  of  engineering  that  I  did  not  see  mentioned  in 
Professor  Fuertes'  engineering  list  at  the  head  of  his  letter  to  me  ;  it  is 
the  branch  to  which  I  have  devoted  the  greater  part  of  my  life  and 
about  which  I  am  going  to  talk  to  you  a  little  while  today,  the  engin- 
eering work  connected  with  the  improvement  of  rivers  and  harbors. 
As  all  engineering  work  is  more  or  less  closely  allied,  I  have  no  doubt 
that  it  is  often  alluded  to  in  your  course,  however. 

While  there  is  much  River  and  Harbor  engineering  work  carried  on 
by  private  individuals,  corporations  and  municipalities  in  the  United 
States,  yet  the  Government  itself  has  taken  general  charge  of  all  the 
navigable  waters,  rivers  and  harbors  of  the  country,  and  has  under- 
taken the  gigantic  work  of  keeping  them  in  order  and  improving  them 
in  the  interest  of  commerce.  This  work  is  in  the  hands  of  the  Corps  of 
Engineers  of  the  Army,  to  which  organization  I  have  the  honor  to  be- 
long, and  which  is  a  branch  of  the  War  Department.  It  may  seem 
.strange  that  such  essentially  peaceful  work  should  be  under  the  Depart- 
ment of  War,  but  it  is  a  very  natural  outgrowth  of  the  conditions 
existing  in  the  early  years  of  our  country's  history. 

West  Point  was  established  as  an  engineering  school,  and  for  many 
years  it  was  the  leading  engineering  school  of  the  country,  and  its 
graduates  were  the  best  fitted  to  take  up  the  engineering  work  of  the 
country.  Two  Corps  of  Engineers  were  founded  from  the  graduates, 
the  Corps  of  Fortification  Engineers  who  were  to  devote  their  lives  to 
planning  and  building  the  land  defenses  of  the  country,  and  the  Topo- 
graphical Engineers  who  were  to  explore  and  map  the  vast  regions  of 
the  then  unknown  West,  lay  out  routes  of  communication,  build 
military  roads,  etc. 

It  was  but  natural  that  when  the  Government  began  to  make  small 
appropriations  for  the  improvement  of  a  river  here  and  a  harbor  there, 
the  work  should  be  placed  in  the  hands  of  one  of  the  Engineer  Corps 
already  organized  for  closely  related  work.  The  two  corps,  Fortifica- 
tion and  Topographical,  were  finally  merged  into  one,  the  Corps  of 
Engineers  as  it  now  exists.    An  amusing  incident  connected  with  this 


2 


Association  of  Civil  Engineers  of  Corjiell  University. 


merging  was  that  it  was  protested  against  by  the  then  Chief  of  the 
Fortification  Engineers  because  tlie  average  graduating  standing  at 
West  Point  of  the  Fortification  luigineers  was  2^ ,  while  the  average 
graduating  standing  of  the  Topographical  Kngineers  was  1 1  ^.  The 
celebrated  John  Plienix,  author  of  the  Squibob  Papers,  and  who  was 
an  officer  of  the  Topograj^hical  I{ngineers,  Capt.  Derby,  wrote  one  of 
his  comical  and  sarcastic  letters  on  the  subject  ridiculing  this  protest. 
He  declared  that  never  hereafter  could  he  walk  down  the  street  without 
a  feeling  that  there  was  a  great  i  i  painted  on  his  back  as  a  badge  of 
inferiority. 

I  have  not  delved  into  the  records  of  the  past  to  determine  when  the 
first  appropriation  was  made  for  a  work  of  River  and  Harbor  improve- 
ment. The  approj')riations,  small  at  first,  have  grown  with  our  growth 
and  with  the  ini])()rtance  of  the  commerce  of  the  country,  until  the 
aggregate  reaches  about  $300,000,000.  The  last  River  and  Harbor  bill 
passed  in  1896  authorized  works  and  contracts  therefor  involving  about 
$70,000,000.  The  responsibility  for  planning  all  the  works,  executing 
them,  and  disbursing  the  money  appropriated  devolves  upon  the  Corps 
of  Engineers.  I  may  perhaps  be  pardoned  for  saying  a  few  words 
about  my  corps.  It  is  composed  entirely  of  graduates  of  West  Point 
and  of  those  who  have  graduated  at  the  head  or  very  near  the  head  of 
their  classes.  When  they  graduate,  they  enter  the  crops  as  2nd  Lieu- 
tenants, and  are  ordinarily  .sent  to  Willets  Point  to  take  a  post-graduate 
course  in  practical  engineering  and  torpedo  work.  They  are  then  .sent 
as  a.ssistants  to  older  officers,  and  gradually  acquire  knowledge,  wisdom 
and  experience  until  they  are  in  turn  deemed  capable  of  responsible 
charge  of  works. 

Besides  the  officers  there  are  a  great  many  civil  engineers  employed 
all  over  the  country  on  these  works,  and  many  of  the  leading  engineers 
of  the  countr}^  have  spent  some  of  their  earlier  years  as  assistant 
engineers  on  River  and  Harbor  work  under  the  War  Department.  At 
Buffalo  I  have  had  a  number  of  assistants  who  are  graduates  of  Cornell. 
I  am  not  going  to  throw  a  bouquet  at  Cornell  just  because  I  happen  to 
be  here  now,  but  I  will  say  that,  judging  by  the  young  men  who  have 
come  to  me,  a  man  gets  a  better  practical,  general  engineering  educa- 
tion here  than  at  any  other  college  with  which  I  am  familiar. 

I  would  not  advise  a  young  man  to  enter  the  Government  service  as 
a  civil  engineer,  with  a  view  to  remaining  in  it  all  his  life,  but  a  few 
years  service  will  do  any  one  good,  giving  him  familiarity  with  the 
methods  of  doing  work  and  systems  of  accountability  and  responsibility 
which  are  the  outcome  of  many  years  experience,  and  to  which  is 
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largely  due  the  success  of  the  Engineer  Corps  in  handling  the  public 
works  of  the  country. 

A  new  improvement  is  only  undertaken  b}-  the  Government  after  a 
careful  examination.  When  in  the  course  of  time,  tlie  people  of  a 
particular  locality  become  imbued  with  the  idea  that  they  want  some- 
special  work  of  river  or  harbor  improvement  undertaken  by  the  Govern-" 
ment,  they  first  make  their  wants  known  to  their  representative  in 
Congress,  and  generally  they  have  no  trouble  in  convincing  him  of  the 
propriety  of  the  Government's  doing  the  work.  The  next  step  is  to 
get  an  item  in  the  River  and  Harbor  bill  providing  for  a  preliminary 
examination.  This  preliminary  examination  is  made  by  the  Engineer 
Officer  in  charge  of  works  in  the  vicinity,  and  it  is  his  duty  to  decide 
and  report  whether  or  not  the  project  is  worthy  of  being  undertaken  by 
the  Government,  giving  his  reasons  therefor,  which  must  be  based 
upon  commercial  statistics,  the  resources  of  the  country,  the  possible 
expansion  of  business,  the  general  physical  characteristics  and  the 
po.ssibility  of  the  improvement  being  successful,  etc.,  involving  much 
labor  and  research  and  weighing  of  testimony  often  unreliable  and 
indirect.  If  the  decision  of  the  local  engineer  is  favorable  and  it  is 
approved  by  his  Division  Engineer  and  the  Chief  of  Engineers,  the 
next  step  is  for  the  interested  Congressman  or  Congressmen  to  get  an 
authority  in  the  next  River  and  Harbor  bill  for  a  survey  and  the 
preparation  of  plans  and  estimates  of  cost  of  the  improvement.  The.se 
plans  and  estimates  are  when  made,  submitted  to  Congress,  and  Con- 
gress then  makes  an  appropriation  for  the  work,  or  does  not  make  it, 
as  the  case  may  be.  Of  course,  there  are  exceptions  to  all  rules,  and 
there  are  works  which  have  been  undertaken  and  carried  out  which 
have  never  been  approved  by  the  Engineers,  and  others  which,  ap- 
parently justifiable  at  one  time,  have,  by  the  march  of  events  and  new 
developments^  become  unjustifiable  and  of  little  use. 

Besides  the  work  of  river  and  harbor  improvement,  the  building  and 
repairs  of  the  light-houses  all  along  our  coasts  come  under  the  Corps  of 
Engineers.  There  are  about  2,000  of  these  light-houses,  and  .some  of 
them  have  been  engineering  works  of  the  greatest  difficulty. 

Planning  and  building  the  fortifications  for  the  defen.se  of  the  country 
against  a  foreign  foe  also  is  in  the  hands  of  the  Corps  of  Engineers  of 
the  Army,  and  this  work  has  for  several  years  been  progressing  with 
great  rapidity.  So  much  for  the  Corps  of  Engineers  and  its  general 
duties. 

It  is  natural  that  we' should  like  to  tell  about  the  big  and  successful 
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works  with  which  we  are  familiar,  and  so  I  will  ask  you  U)  go  with  me 
in  imagination  across  the  continent  to  the  coast  of  Oregon  and  Wash- 
ington where  I  was  stationed  for  many  years.  The  largest,  most  im- 
T)ortant  and  most  successful  engineering  work  which  has  been  done  on 
the  Pacific  coast  is  the  improvement  of  the  entrance  to  the  Columbia 
River  from  the  ocean. 

But  little  over  one  hundred  years  ago,  1792,  the  great  river  of  the 
Northwest  was  first  discovered  and  entered  by  Capt.  Gray  in  the  good 
ship  "Columbia,"  from  which  ship  the  river  takes  its  name.  Gradu- 
ally the  country  drained  by  the  Columbia  settled  up,  passing  through 
the  hands  of  the  fur  traders,  the  gold  hnnters,  and  the  lumljermen,  to 
the  agriculturists  who  now  control  it,  and  gradually  its  commerce  in- 
creased and  the  number  of  sliips  c(jming  to  the  river  became  greater 
and  greater.  l>ut  for  many  years  the  entrance  to  the  Columl)ia  River 
and  the  Columbia  River  bar  were  the  terror  of  mariners,  many  a  ship 
was  lost  there,  and  insurance  rates  were  always  increased  on  ships 
bound  therefor.  At  last  the  government  was  induced  to  take  action 
looking  to  the  improvement  of  the  entrance,  and  a  Board  of  Engineers 
was  appointed  who  planned  certain  works  of  imprcjvement  which  have 
been  carried  out,  and  which  have  proven  most  successful,  and  now  the 
Columbia  River  and  bar  have  lost  all  their  terrors,  and  the  entrance  is 
as  safe  and  easy  as  the  entrance  to  any  bar  harl^or  can  be  on  the  .stormy 
Pacific  nortliwest  coast. 

Inside  of  the  headlands  which  form  its  mouth,  the  Columbia  widens 
out  into  a  great  tidal  e.stuary  which  is  some  thirty  miles  long  bv  ten 
miles  broad.  Between  Fort  Stevens  on  the  scnith  of  the  entrance  and 
Cape  Disappointment  on  the  north  the  distance  is  six  miles.  Circling 
off  at  a  distance  of  about  three  to  four  miles  from  the  entrance  is  the 
inevitable  ocean  bar  which  is  always  formed  where  there  are  moving 
sands,  and  which  is  the  resultant  of  the  confiict  that  is  ever  going  on 
between  the  river  currents  and  ebbing  tides  on  the  one  hand  and  the 
flooding  tides  and  storm  waves  of  Old  Ocean  on  the  other. 

In  its  natural  condition  there  was  but  about  12  to  15  feet  of  water  on 
this  Columbia  River  bar  with  deeper  caannels,  sometimes  one,  some- 
times two  or  three  across  it.  These  bar  channels  were  generally  de- 
ficient in  depth  to  accommodate  the  ships  desirous  ('f  entering  the  river, 
and  were  not  permanent  in  position,  a  most  serious  fault.  Sometimes 
there  was  no  channel  where  a  fair  channel  existed  but  a  few  months 
before,  and  at  times,  under  the  influence  of  storms,  the  channels 
changed  so  rapidly  that  the  pilots  themselves  could  hardly  keep  track 
of  them  Along  this  portion  of  the  coast  violent  .storms  are  of  great 
frequenc}^  which  of  course  aggravated  nmtters  very  much. 
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The  plan  adopted  for  the  improvement  of  the  mouth  of  the  river  is 
simpHcitv  itself  ;  it  consists  of  building  a  single  stone  jetty  43^  miles 
long,  built  out  from  Fort  Stevens  and  designed  to  shut  off  all  secondary 
channels  and  concentrate  the  ebbing  and  flooding  tidal  currents  and  the 
river  outflow  into  one  channel  properly  located  and  permanent  in  posi- 
tion. As  the  work  of  jetty  extension  progressed  out  from  Fort  Stevens, 
shutting  off  the  flow  to  the  southward,  the  channel  across  the  bar  be- 
came better  and  better,  and  when  it  was  finally  completed  there  was  a 
straight  channel  across  the  bar  over  30  feet  deep  at  low  tide  and  nearly 
a  mile  in  width,  which  channel  has  remained  permanent  in  position  and 
depth  ever  since.  No  more  successful  work  was  ever  done,  and  its 
cost  was  well  within  the  original  estimate. 

At  first  it  was  proposed  to  do  this  work  by  unloading  the  stone  from 
vessels  into  the  jetty,  but  this  was  found  to  be  impracticable,  owing  to 
the  prevailing  rougli  water.  A  tramway  was  therefore  built  of  piles 
and  timber  and  gradually  extended  out.  The  stone  brought  from  the 
quarries  up  the  Columbia  was  unloaded  at  a  sheltered  wharf  on  to  cars, 
which  were  run  out  on  the  jetty  tramway  and  dumped.  The  en  rock - 
ment  was  Ijrought  up  to  about  6  feet  above  high  tide  to  allow  for  future 
settlement.  For  purposes  of  economy  and  to  prevent  the  stone  sinking 
too  deeply  into  the  sand.  Inrush  mattresses  were  first  put  down  on  the 
bottom.  These  were  about  5  feet  thick,  of  stout  brush  well  bound  to- 
gether. There  were  many  interesting  details  about  the  work  which 
time  will  not  permit  me  to  go  into  here.  It  was  quite  a  novel  experi- 
ence enjoyed  by  a  great  many  people,  of  getting  on  a  locomotive  and 
riding  on  a  tramway  4  miles  and  more  out  to  sea  directly  towards 
China.  Sometimes  when  there  was  a  storm  the  experience  was  rather 
fearsome. 

The  total  cost  of  the  Columbia  River  jetty  work  was  just  about 
$2,000,000. 

On  the  Pacific  Coast  are  many  other  works  similar  to  this,  though 
not  of  as  great  magnitude,  and  other  interesting  works  of  different  char- 
acter, but  I  can  not  mention  them  now.  and  will  ask  you  to  do  as  I  did 
in  1895,  jump  from  the  Pacific  Coast  to  the  Great  Lakes. 

THE  GREAT  LAKES. 

Tliere  has  been  built  up  on  the  Great  Lakes  a  commerce  that  is  enor- 
mous, almost  inconceivable  to  those  not  brouglit  into  contact  with  it  in 
a  business  or  statistical  way. 

Looking  back  but  a  few  years,  we  see  on  the  lakes  only  the  canoes  of 
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the  Indians,  then  came  the  larger  bateaux  of  the  fur  traders,  then  the 
small  sailing  vessels  of  the  traders,  explorers,  and  settlers,  then  larger 
sailing  v^essels,  the  advent  of  steam,  and  then  steel  vessels  which  have 
increased  in  size  and  carrying  capacity  and  economy  of  operation,  until 
now  the  business  of  the  lakes  is  the  model  and  one  of  the  wonders  of 
the  world. 

A  strictly  up-to-date,  modern  lake  freight  vessel  is  about  430  feet 
long,  50  feet  broad,  and  30  feet  deep.  It  draws  about  18  feet  of  wafer 
and  carries  7000  tons  of  freight,  or,  if  its  cargo  is  grain,  about  250,000 
bushels,  or  the  full  croj)  of  100  grain  farms  of  160  acres  each. 

About  80  per  cent  of  the  tonnage  of  the  lakes  is  made  up  of  the  three 
items  of  coal,  iron  ore  and  grain,  about  equal  proportions  of  each. 
Anthracite  coal  is  mostly  shipped  from  Buffalo,  and  soft  or  bituminous 
coal  from  Ohio  and  Pennsylvania  Lake  Erie  ports. 

It  may  interest  you  to  know  that  in  shipping  soft  coal,  it  is  taken  a 
whole  car  load  at  a  time  and  dumj)ed  into  the  ship  by  means  of  great 
car-dumping  machines.  The  expense  of  operating  these  machines  is 
less  than  a  cent  a  ton  of  the  coal  handled.  The  iron  ore  is  brought 
from  Lake  Superior  ports  and  mostly  goes  to  Cleveland,  Ashtabula, 
Conneaut,  Erie,  and  other  ports,  and  is  then  largel}'  shipped  by  rail  to 
that  great  center  of  tlie  iron  and  steel  industry,  Pittsburg. 

Most  of  the  grain  products  of  the  Northwest  are  shipped  from  Chi- 
cago, Duluth,  Milwaukee,  and  other  up-lake  ports  to  Buffalo,  where  it 
is  unloaded  into  the  great  .-levators,  and  thence  shipped  by  rail  or  canal 
to  the  seaboard,  or  to  the  mining,  manufacturing  and  commercial  cen- 
ters along  the  Atlantic  sea  coast. 

There  is  also  a  large  amount  of  lumber  transported  on  the  lakes,  but 
this  is  declining  as  the  forests  are  cut  off,  while  the  other  items  men- 
tioned are  increasing. 

There  is  no  feature  of  lake  commerce  more  interesting  and  marvelous 
than  the  appliances  and  .system  for  unloading  and  loading  vessels  in 
port.  It  is  not  uncommon  for  a  vessel  to  arrive  at  a  lower  lake  port 
with  4,000  to  5,000  tons  of  iron  ore  or  grain  aboard,  and  to  have  this 
all  taken  out  and  as  much  coal  put  aboard,  and  the  vessel  to  be  off  on 
her  trip,  all  within  twenty-four  hours.  Such  quick  dispatch  prevails 
nowhere  else  in  the  world  and  largely  accounts  for  the  exceedingly  low 
rates  at  which  freight  is  carried,  the  steamers  wasting  no  time  in  port, 
but  keeping  constantly  on  the  go. 

We  are  all  naturally  accustomed  to  look  upon  the  Suez  Canal  which 
connects  the  teeming  millions  of  Europe  with  the  other  teeming  millions 
of  Asia  as  the  great  throat  of  commerce  of  the  world.    In  the  general 
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world  commerce,  it  is  the  most  important  link.  And  yet  the  commerce 
passing  through  the  Suez  Canal  is  mucli  less  than  one-half  that  passing 
through  the  St.  Marsh's  Canal  connecting  Lake  Superior  with  Lake 
Huron,  and  only  about  one-fourth  that  passing  through  the  Detroit 
River  connecting  Lake  Erie  with  the  upper  lakes.  And  all  this  not- 
withstanding the  fact  that  the  lakes  are  closed  by  ice  four  to  five 
months  each  year. 

But  this  enormous  commerce  carried  through  the  lakes  in  the  magni- 
ficent modern  lake  vessels  was  not  always  possible.  The  Government 
had  to  do  a  vast  amount  of  work  and  expend  large  sums  to  render  it 
possible. 

There  are  two  principal  items  of  work  in  improving  the  commercial 
facilities  of  the  lakes  in  which  the  Government  has  been  concerned  ;  to 
improve  and  increase  the  navigable  capacity  of  the  channels  connecting 
the  lakes  and  to  supply  and  improve  the  iiarbors  for  the  transaction  of 
business.  It  is  the  aim  of  the  Government  to  give  a  channel  20  to  21 
feet  in  depth  from  the  foot  of  Lake  Erie  to  the  head  of  Lakes  Superior 
and  Michigan,  and  tlie  work  necessary  to  accomplish  this  has  been 
nearly  completed. 

This  has  involved  a  great  deal  of  work  in  dredging  and  rock  excava- 
tion in  the  Detroit  River,  tiie  dredging  of  a  canal  through  the  flats  of 
Lake  St.  Clair,  channel  deepening  at  the  foot  of  Lake  Huron,  and 
above  all,  the  improvement  of  the  vSt.  Mary's  River,  the  outlet  of  Lake 
Superior,  by  a  vast  amount  of  dredging  and  rock  work,  and  the  con- 
struction of  locks  to  overcome  the  fall  at  the  Sault  Ste.  Marie,  or  falls 
of  the  vSt.  Mary's  River.  Without  counting  the  locks  at  the  Sault  Ste. 
Marie,  the  total  amount  that  has  been  expended  by  the  Government  in 
deepening  and  widening  these  interlake  channels  is  about  $6,000,000. 

Just  at  the  foot  of  Lake  vSuperior  their  is  a  fall  in  its  outlet,  the  St. 
Mary's  River,  of  eighteen  feet.  The  first  lock  built  to  overcome  this 
fall  was  constructed  by  the  state  of  Michigan  in  1855,  but  it  was  small 
and  commerce  soon  outgrew  it.  The  general  government  then  in  1870 
built  a  lock  whicli  it  was  believed  would  be  sufficient  for  all  time,  but  so 
rapid  was  the  growth  of  commerce  that  in  1896  another  lock  was  com- 
pleted which  is  one  of  the  largest  in  the  world.  It  is  100  feet  wide  and 
800  feet  long  and  capable  of  taking  four  of  the  ordinary  lake  vessels  at 
one  lockage,  which,  in  fact,  it  frequently  does.  The  Canadians  have 
also  built  a  lock  80  feet  wide  and  1000  feet  long  at  the  Sault.  so  that 
now  there  are  three  great  locks  there  practically  .side  by  side.  The  last 
lock  built  by  the  United  States  cost  nearly  $4,000,000.  I  said  that  the 
first  lock  was  built  at  the  Sault  in  1855,  but  this  is  really  not  so. 
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Mail}',  many  years  ago,  just  when  I  do  not  know,  some  of  tlie  old  fur 
traders  or  voyagers  ljuilt  tliere  a  lock  to  pass  their  bateaux  up  and 
down.  On  a  recent  visit  to  the  Sault  I  found  that  this  liad  been  un- 
earthed and  partially  reconstructed,  and  it  serves  as  an  object  lesson  of 
the  growth  of  lake  connnerce.  This  little  old  lock  was  about  8  feet 
wide  and  25  feet  long.  It  would  take  400  of  these  little  locks  to  equal 
in  size  the  new  lock  just  completed,  or  about  1200  of  them  to  equal  the 
three  locks  now  in  service  and  in  continual  operation. 

Most  of  the  harbors  on  the  Great  Lakes  which  are  the  centers  of 
great  coinmeicial  activity  are  to  a  large  extent  artificial,  and  many  are 
now  inadequate  to  the  demands  upon  them.  liuffalo  is  quite  a  typical 
lake  harbor  ;  it  has  a  decided  similarity  to  the  harbors  at  Chicago, 
Cleveland,  Milwaukee  and  other  lesser  harbors,  such  as  Ashtabula, 
Conneaut,  etc..  and  a  description  of  it  may,  to  a  reasonable  extent,  be 
considered  a  description  of  all. 

The  harbor  of  Buffalo  is  a  small  stream,  Buffalo  Creek,  which  in  its 
natural  condition  was  hardly  big  enough  at  times  for  boys  to  swim  in. 
There  were,  however,  .some  deep  holes  near  its  mouth  which  were  able 
to  acconnnodate  the  little  light-draft  sailing  vessels  of  .seventy-five  or 
eighty  years  ago.  These  coming  to  the  creek  developed  bu.siness,  and 
as  the  business  increa.sed  and  the  vessels  grew  larger,  the  enterprise  of 
the  inhabitants  kept  pace  with  the  march  of  events  and  the  creek  was 
dredged  out,  and  this  has  been  kept  up  up  to  the  present  time. 

The  city  has  spent  a  very  large  amount  of  money  in  widening  and 
deepening  the  little  waterway,  and  when  this  was  found  not  to  give 
sufficient  room,  the  city  excavated  a  ship  canal  between  the  creek  and 
the  lake  for  the  further  accommodation  of  vessels,  and  this  has  been 
further  supplemented  by  individuals  and  corporations. 

In  the  march  of  events  the  General  Government  was  called  upon  for 
aid,  and  extended  it  by  building  the  piers  at  the  mouth  of  the  creek  in- 
tended to  insure  the  .stability  of  the  entrance  and  protect  vessels  in 
entering.  Later  on,  it  built  the  exi.sting  breakwater  i}A  nnles  long  to 
further  protect  the  entrance  to  the  harbor,  and  to  give  a  sheltered 
anchorage  and  harbor  of  refuge  protected  from  the  .storms  and  waves  of 
the  open  lake. 

This  was  the  condition  of  the  harbor  when  I  came  to  Buffalo  in  1895. 
But  commercial  developments  have  for  several  years  been  going  on  with 
great  rapidity,  and  with  the  advent  of  the  great  lake  steamers,  their 
constantly  increasing  size  and  numbers  and  growing  business,  it  became 
plain  to  many  thoughtful  men  that  Buffalo  Creek  and  the  City  Ship 
Canal  were  not  adequate  or  suited  to  the  future  growth  and  develop- 
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meiit  of  Buffalo.  The  movement  was  started  to  get  the  Government  to 
build  an  outer  harbor  in  the  lake  where  business  could  be  transacted 
free  from  the  annoying  complications  attending  the  use  of  the  narrow 
creek  and  canal  by  the  large  vessels.  To  this  end,  it  was  planned  to 
extend  the  old  breakwater  to  the  southward  about  2^2  miles  to  a  jutting 
point  of  land  called  Stou}^  Point,  thus  shutting  in  an  area  of  the  lake 
about  four  miles  long  and  ^  of  a  mile  wide.  'The  water  behind  this 
breakwater  will  be  thoroughly  protected,  and  it  is  intended  that  the 
upland  owners  shall  have  the  right  to  build  piers  and  wharves  out  to 
about  half  way  from  the  shore  to  the  structure,  which  wharves,  piers, 
etc.,  can  all  be  readih'  reached  by  rail,  as  well  as  by  water.  This 
work,  it  was  estimated,  would  cost  $2,200,000,  and  the  Government 
authorized  it  and  has  provided  funds  for  it  as  fast  as  they  can  be  profit- 
ably expended,  and  for  two  years  the  work  has  been  going  on. 

Wlien  it  was  decided  that  it  was  advisable  to  extend  the  breakwater 
to  vStony  Point,  the  first  thing  necessary  was  a  survey  to  determine  the 
depth  of  the  water  and  the  character  of  the  bottom.  This  survey  was 
made  through  the  ice.  and  developed  the  fact  that  along  the  projected 
line  the  water  was  on  the  average  about  30  feet  deep,  and  that  the 
bottom  was  mud  to  an  average  depth  of  about  30  feet  more,  and  that 
underlying  the  mud  was  a  bed  of  rock.  In  some  places  the  mud 
was  60  feet  deep,  making  a  total  depth  to  rock  of  90  feet  of  water  and 
mud. 

The  geologists  .say  that  this  rock  bottom  developed  by  borings  shows 
the  bed  of  an  old  river  which  existed  long  before  there  was  any  Niagara 
Falls,  which  river  flowed  from  east  to  west,  and  is  crossed  almost  per- 
pendicularly by  the  line  of  the  breakwater. 

Now,  a  breakwater  interpo.sed  broadside  against  the  storms  and  .storm 
waves  of  Lake  Erie,  is  subjected  to  enormous  strains  and  requires  a 
good  foundation  which  this  muddy  bottom  would  not  give  for  the 
ordinary  type  of  timber  and  .stone  breakwater  that  has  been  almost  ex- 
clusively built  on  the  lakes.  Somehow  or  other  the  foundation  must 
be  carried  down  to  the  rock  at  the  bottom  of  the  mud,  and  it  was  de- 
termined to  do  this  by  digging  an  enormous  ditch  in  the  bottom  of  the 
lake  and  then  filling  this  ditch  with  gravel,  surmounting  this  wit'i 
.stone,  and  then  mounting  upon  this  the  timl)er  and  stone  breakwater 
extending  from  a  depth  of  22  feet  to  a  height  out  of  water  of  12  feet. 
For  a  mile  and  a  half  the  work  is  to  be  of  this  character.  The  trench 
will  have  a  maximum  dejjth  of  nearly  a  hundred  feet,  and  a  bottom 
width  of  about  60  feet.  It  is  being  excavated  by  a  giant  dredge  made 
expressly  for  it,  and  it  is  being  back-fflled  with  gravel  dredged  from 
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the  Niagara  River.  This  trench  and  its  filling  are  under  the  immediate 
charge  of  a  Cornell  graduate,  Mr.  Norris  M.  Works.  The  timber  crib 
is  36  feet  wide  and  is  strongly  framed  together  of  12-inch  square 
timbers,  and  all  compactly  filled  with  stone  and  decked  over. 

A  study  of  the  borings  revealed  the  fact  that  on  the  northern  ])ortion 
of  the  old  prehistoric  river,  the  mud  contained  a  stratum  of  sand,  and 
on  this  account  and  for  other  reasons,  it  was  concluded  to  build  the 
northern  ])()rtion  of  the  new  breakwater,  a  mile  in  length,  of  st(^ne 
without  using  any  timber.  This  we  call  the  Rubble  Mound  Break- 
water. Its  cross-section  as  it  is  being  built  is,  as  nearly  as  practicable, 
the  cross-section  that  would  be  developed  in  a  random  row  of  large 
rubble  stone  dumped  into  the  lake  and  subjected  to  storm  action.  It  is 
founded  directly  uj^on  the  mud  bottom,  and  has  a  width  of  140  feet  at 
the  1)ase,  which  insures  it  against  overturning.  If  this  rubble  mound 
had  been  built  entirely  of  (piarried  stone,  its  cost  would  have  been 
greater  than  the  appropriation  would  stand,  so  that  the  expedient  was 
adopted  of  using  a  hearting  of  gravel.  The  gravel  costs  13  cents  per 
cul)ic  yard,  while  the  stone  costs  about  $125  per  cubic  yard,  and  as 
about  half  the  total  bulk  is  gravel,  the  saving  amounted  to  over  half  a 
milliori  dollars.  As  the  structure  is  being  built  the  gravel  is  enca.sed  in 
the  ordinary  rough  quarry  rubble  stone,  and  the  whole  is  capped  with 
large  stones  carefully  shaped  and  carefully  and  closely  laid  in  position 
by  derricks.  These  capping  stones  average  about  8  tons  weight  each 
and  extend  down  to  a  depth  of  15  feet  on  the  lake  side  and  jo  feet  on 
the  harbor  side,  and  to  the  height  of  12  feet  above  the  water. 

The  placing  of  this  capping  stone  is  very  particular  and  careful  work, 
and  it  is  under  the  charge  of  two  Cornell  graduates,  Mr.  C.  M. 
Emmons  and  Mr.  Lynn  L.  Davis. 

It  will  require  about  three  >'ears  more  to  complete  this  great  work, 
which,  when  completed,  will  be  the  longest  breakwater  in  the  world. 
In  fact,  with  the  old  and  new  breakwaters  together,  the  Buffalo  break- 
water as  a  whole  will  be  fifty  per  cent,  longer  than  any  other  in  the 
world.  It  is  unique  in  several  particulars,  notably  in  the  great  founda- 
tion trench  and  its  filling,  the  use  of  a  gravel  hearting  for  the  Rubble 
Mound,  and  the  care  and  accurac}'  with  which  the  capping  stones  of 
the  Rubble  Mound  are  placed. 

There  will  be  an  opening  of  600  feet  width  at  a  distance  of  2,800  feet 
from  Stony  Point,  the  free  ends  being  placed  en  echelon  to  better  guard 
against  the  entrance  of  storm  waves. 

When  this  work  is  completed  Buffalo  will  have  a  harbor  second  to 
none  on  earth,  and  one  where  ships  can  meet  railroad  cars  and  canal 
boats  and  exchange  loads  at  the  very  minimum  of  expense. 


NOTES  ON  THE  USE  OF  CONCRETE  IN  DAMS,  WITH  A 
DESCRIPTION  OF  THE  COLD  SPRING  DAM. 


NOAH  CUMMIXGS,  C.E.,  '94.  ASS'T  ENG'R  BOARD  OF  PUBLIC  IMPROVE- 
MENTS, NEW  YORK. 

The  emplo,vmeiit  of  concrete  in  masonry  construction  has  gradually 
extended  during  the  past  few  years  from  its  use  in  core  walls,  in  foun- 
dations and  as  back-filling  for  rubble  and  cut  stone  facing  to  its  use  in 
jetties,  breakwaters,  graving  docks,  canal  locks,  dams  and  reservoirs. 
In  these  latter  works,  it  is  more  or  less  directh^  exposed  to  the  action  of 
the  sun.  frost  and  water.  It  has  been  successfully  used  in  several  im- 
portant locks  built  under  the  supervision  of  the  U.  S.  Engineer  Corps, 
among  which  are  those  on  the  Cascade  canal  in  Oregon,  the  Illinois  and 
Miss,  canal  in  Illinois,  the  Coosa  River  in  Alabama  and  the  Osage 
River  in  Missouri.  Among  the  more  important  dams  built  of  concrete 
are  the  San  Mateo  dam  of  California,  170'  high  ;  the  Beetaloo  dam  in 
South  Australia,  118'  high  ;  the  Periyar  dam  in  India,  177'  high  ;  the 
La  Grange  dam  in  California,  127'  high,  and  the  Butte  City  dam  in 
Montana,  120'  high.  The  last  three  of  these  have  rubble  masonry 
faces  and  the  last  two  have  througliout  them  boulders  embedded  in  the 
concrete. 

The  advantages  in  the  use  of  concrete  are  cheapness,  adaptability, 
rapidity  in  construction  and  ease  in  making  repairs.  Tiie  items  that 
make  up  the  cost  of  rubble  masonry  are  cost  of  stone  at  quarry,  cost  of 
transportation  to  the  site,  cost  of  cement  and  sand  and  cost  of  laying. 
These  items  for  concrete  are  cost  of  rock  at  quarry,  cost  of  crushing, 
cost  of  transj)ortati(3n,  cost  of  cement  and  sand,  and  cost  of  making. 

Since  rubble  stone  wlien  laid  has  only  30  to  35  per  cent,  voids  as 
compared  with  crushed  stone,  which  has  45  to  50  per  cent.,  rubble 
masonry  will  require  only  65  to  70  per  cent,  as  much  cement  and  sand 
as  concrete.  In  rubble  masonry,  it  is  also  customary  except  near  the 
foundation  and  in  the  facing,  to  use  American  cement,  but  in  concrete 
for  impervious  work,  Portland  cement  has  almost  universally  been  used. 
The  latter  costs  at  the  cement  works,  approximately  100  per  cent,  more 
than  the  former,  but  this  percentage  will  diminish  with  the  increase  in 
the  distance  from  the  factory.  However,  since  American  cement 
weighs  one-fourth  less  per  barrel  than  Portland  cement,  it  will  have 
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lighter  freiglit  charges  and  this  j^ercentage  will  not  diminish  so  rapidly 
as  it  vvoukl  if  the  cost  of  transjiortation  for  tlie  two  cements  were  equal. 
Rubble  work  has,  furtliermore,  no  cost  item  for  crushing,  the  amount 
of  which  varies  from  lo  to  25  cents  per  cubic  yard  of  concrete  depend- 
ing on  the  size  of  the  stone  as  it  l)lasts  out  of  the  quarry,  the  size  to 
which  it  is  crushed  and  the  facilities  of  the  crushing  plant. 

The  cost  of  laying  ruljl^le  varies  with  the  facilities  of  the  })lant  em- 
ployed, the  size  and  sliape  of  the  stone  and  the  form  of  the  structure. 
The  cost  of  making  concrete  varies  with  the  facilities  of  the  plant  em- 
ployed and  the  sha])e  (jf  and  cost  of  materials  for  tlie  forms.  Force 
accounts  for  these  two  items  are  given  l:)elo\v,  it  being  assumed  tlierein 
that  the  costs  for  superintendence,  coal  and  rigging  of  i)lant,  wliich  are 
not  included,  are  the  same  for  both.  The  unit  cost  of  labor  is  taken  at 
$1.50.  Owing  to  the  great  amount  of  extra  labor  required  which  can- 
not be  calculated  in  advance,  force  accounts  should  not  be  used  in 
estimating  the  probable  cost  of  a  given  work  unless  one  is  able  from 
experience  in  works  with  similar  conditions,  to  add  the  i)ro])er  per- 
centage for  these  extras.  The  following  force  accounts  are  given  for 
the  purposes  of  comparison  only  : 

Force  required  for  one  derrick  in  laying  ruble. 


1  Foreman,  at  I4.00   %  4.00 

5  Masons,  at  I3. 50   17.50 

2  Tagnien,  at  $1.75   3.50 

1  Helper  for  masons  liandlinfj  mortar,  at  $1.50   1.50 

2  Men  mixing  mortar,  at  $1.50   3.00 

I  Hoisting  engineer,  at  $2.00   2.00 


Total   foi-50 


This  force  in  a  lo-liour  day  with  stone  }4  to  i  cu.  yd.  in  size,  will 
lay  35  cu.  yds.,  which  gives  a  cost  of  $0.90  per  cu.  yd. 

Force  required  for  one  derrick  in  mixijig  and  placijig  hand- 
mixed  concrete. 

Mixing  cement   2  men 

Mixing  concrete  7  men 

Ramming  concrete  3  men 

12  men  at  $i.50,_  $18.00 

I  Carpenter  building  forms,  at  $2.00   2.00 

I  Helper,  at  $1.50   1.50 

1  Hoisting  engineer,  at  |;2.oo   2.00 

2  Tagmen,  at  $1.50   3.00 

I  Foreman,  at  $3.00   3.00 


Total 


$29.50 
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This  force  in  a  day  of  10  hours  will  mix  and  place  50  batches  of  18 
cubic  feet  each  when  rammed  in  place,  or  33^  cubic  5'ards  in  all, 
which  gives  a  cost  of  $0.88  per  cubic  yard.  To  this  must  be  added 
from  5  to  10  cents  per  cubic  yard  of  concrete  for  cost  of  lumber  for 
forms. 

If  the  number  of  cubic  yards  of  masonr}^  is  sufficient  to  warrant  the 
installation  of  a  mixer  for  the  concrete,  this  cost  item  for  mixing  and 
placing  may  be  greatly  reduced,  as  shown  b}'  the  following  force  ac- 
count. 

Force  required  for  mixing  and  placing  machine-mi  xed 
concrete. 

HandHng  cement  from  shed  3  men 

Loading  cement  and  sand  in  buckets,  3  men 

Loading  broken  stone  in  buckets  8  men 

Tending  mixer  and  cars  underneath,  6  men 
Spreading  and  placing  concrete  7  men 

27  men,  at  $1.50,.  $40.50 

2  Hoisting  engineers,  at  $2.00   4.00 

1  Engineer  for  mixer,  at  $2.00   2.00 

4  Tagmen,  at  $1.50   6.00 

3  Carpenters  building  forms,  at  12. 00   6.00 

3  Helpers,  at  $1.50   4.50 

2  Foremen,  at  $3.00   6.00 

Total  I69.00 

This  force  in  a  day  of  10  hours  using  a  four-foot  cubical  mixer,  will 
place  approximately  140  batches  of  i  cubic  yard  each  when  rammed  in 
place,  or  140  cubic  yards  in  all,  which  gives  a  cost  of  $0.49  per  cubic 
yard,  to  which,  as  in  the  case  of  hand-mixed  concrete,  must  be  added 
from  5  to  10  cents  for  cost  of  lumber  for  forms. 

If  the  quarry  is  near  the  site  of  the  dam  so  that  the  cost  of  trans- 
portation is  a  small  item  and  taking  the  cost  of  stone  at  the  quarry 
constant,  the  above  comparisons  of  rubble  and  hand-mixed  concrete 
show  that  rubble  work  will  be  cheaper,  as  the  cost  for  laying  is  prac- 
tically the  same  in  both  cases,  while  the  rubble  effects  a  great  saving  in 
cost  of  cement  and  has  not  the  cost  item  for  crushing.  In  many 
regions,  however,  good  rubble  stone  cannot  be  found,  while  in  nearly 
all  localities  there  is  plenty  of  rock  that  will  make  satisfactory  concrete. 
When  the  extra  di.stance  that  the  rubble  stone  must  be  transported 
increases  its  cost  of  transportation  to  a  certain  point,  then  the  cost  of 
rubl)le  masonry  will  equal  the  cost  of  hand-mixed  concrete,  and  beyond 
this  point  the  concrete  will  be  cheaper.    In  the  comparison,  however, 
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of  machine-inixed  concrete  with  rubble,  the  saving  of  the  former  over 
the  latter  in  cost  of  laying  tends  to  balance  its  excess  in  cost  of  cement 
and  cost  for  crushing  ;  and  thus  the  extra  distance  that  the  rubble 
stone  may  be  transported  before  the  costs  of  the  two  classes  of  masonry 
are  equalized,  is  reduced  or  ])erhai)s  wholly  obliterated.  As  the  various 
items  making  up  the  costs  for  rubble  and  for  concrete  depend  so  much 
oh  local  circumstances,  no  complete  general  comparison  can  be  made. 
Each  special  case  must  be  worked  out  in  order  to  determine  which  class, 
is  the  cheaper. 

Concrete  is  better  adapted  than  rubble  masonry  to  those  ])arts  of  a 
country  where  skilled  labor  and  large  i)lants  are  hard  to  obtain  or  not 
procurable,  as  it  can  be  built  anywhere  with  native  laborers  and  may 
be  laid  with  a  lighter  plant  or,  as  is  sometimes  done  in  India  and  else- 
where, with  almost  no  ])lant  at  all.  As  concrete  may  be  made  of 
gravel,  pebbles,  shingle  or  coquina  gravel,  it  is  also  better  adapted  to 
those  regions  in  which  any  of  these  is  found  but  where  it  is  difficult  to 
get  suitable  stone  for  rubl)le. 

The  objections  that  may  be  raised  to  the  use  of  concrete  in  dams  are 
its  pe*'meability  or  absorption,  the  shelling  off  of  the  surfaces  exposed 
to  water  and  frost,  the  development  of  cracks  due  to  temperature 
changes,  and  its  appearance.  These  objections  may  be  partially  or 
wholly  overcome  by  employing  the  methods  recommended  by  various 
engineers  as  outlined  below. 

In  reference  to  permeability,  Mr.  William  Smith  gives'  as  the  result 
of  a  series  of  experiments,  that,  to  obtain  an  impermeable  concrete,  the 
following  conditions  nuist  be  observed  : 

1.  The  cement  must  be  finely  ground. 

2.  The  concrete  should  not  be  weaker  than  one  cement  to  six  of  sand 
and  stone. 

3.  It  should  have  a  sufficient  time,  at  least  three  months,  to  set  before 
the  application  of  pressure. 

Mr.  G.  W.  Birdsall,  Chief  Engineer  of  the  Croton  Aqueduct,  states, 
that  concrete  of  i  cement,  2  sand  and  3  stone  or  gravel  is  practically 
water  tight. 

Water  to  a  certain  extent  enters  all  classes  of  masonry,  and  in  dams 
it  percolates  through  the  structure  in  places.  Concrete,  owing  to  its. 
many  surfaces  of  adhesion  between  the  .stone  and  the  mortar,  will  be 
more  easily  attacked  than  facing  stone  masonry,  except  certain  classes 
of  limestones  and  sandstones  which  absorb  water  more  freely  than  con- 

iProc.  Inst.  C.  E.,  Vol.  CVII,  p.  77. 
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Crete.  Concrete  increases  in  iniperviousness  with  the  increase  in  the 
proportions  of  cement  and  with  the  increase  in  density.  Mortar  being 
more  compact  does  not  easily  absorb  water  and  thus  the  trouble  arising 
from  the  exposure  of  concrete  to  water  pressure  was  avoided  in  the 
locks  on  the  Illinois  and  Miss,  canal  by  making  the  exposed  faces  of 
mortar,  i  part  Port,  cement  to  2  parts  sand  for  a  thickness  of  8"  and  in 
the  locks  on  the  Coosa  River  by  making  the  exposed  faces  of  mortar, 
I  part  Port,  cement  to  3  parts  sand,  for  a  thickness  of  4".  In  the  Cold 
Spring  dam,  as  will  be  subsequently  noted,  the  concrete  next  the  molds 
was  rammed  with  a  flat,  square  pointed  shovel  thus  forcing  the  stones 
back  from  the  face  and  leaving  practically  a  mortar  surface. 

Mortar  faces,  when  employed,  should  be  placed  and  rammed  at  the 
same  time  that  the  concrete  is  laid,  for  considerable  difficulty  is  found 
in  making  cement  mortar  plasters  stick  to  the  concrete  after  the  latter 
has  set.  Mr.  Thomas  T.  Johnson  states^  that  it  is  highly  probable  that 
the  separation  of  the  mortar  plaster  from  the  concrete  at  the  surface  of 
contact,  is  due  to  the  different  expansions  of  the  two  materials  if  indeed 
certain  chemical  actions  do  not  effect  the  same  result.  Major  W.  L. 
Marshall,  U.  S.  Corps  Engs.  states^  in  reference  to  plastering  as  fol- 
lows :  "In  work  under  my  direction  as  a  rule  no  plastering  is  allowed, 
and  where  there  must  be  a  junction  of  divers  mortars  or  concretes, 
where  one  element  has  already  set,  dovetails  of  suflBcient  size  to  take 
the  stresses  as  tensile  and  compressive  forces,  relying  not  at  all  on 
cohesion,  are  prescribed.  A  single,  double  or  triple  wash  of  pure 
cement  to  fill  up  pores  and  make  a  more  watertight  structure  is  allow- 
able, but  plastering  in  thicker  layers  than  a  wash  after  the  setting  of 
the  main  mass  is  a  poor  resort  in  all  cases,  except  where  the  forces 
acting  are  not  great  at  any  time,  and  are  uniform  at  all  times." 

The  shelling  off  of  concrete,  which  occurs  to  a  greater  or  less  extent 
depending  upon  the  climate  and  the  compactness  of  the  concrete,  is  due 
to  the  freezing  of  water  in  the  pores  and  occurs  also  in  all  soft  stone. 
The  effect  if  circumstances  seem  to  require  it,  can  obviously  be  over- 
come entirely  or  to  a  great  extent,  by  a  cut  stone,  rubble,  or  mortar 
face  for  the  exposed  surfaces. 

Owing  to  the  lack  of  joints  in  which  to  distribute  the  expansion  and 
contraction  due  to  temperature  changes,  concrete  is  more  liable  to  crack 
than  brick  or  stone  masonry.  Major  Marshall  who  was  in  charge  of 
the  construction  of  the  concrete  locks  on  the  Illinois  and  Miss,  canal 
states  :  ^  "  All  ma.s.sive  concrete  work  should  be  divided  into  sections  by 

^Journal  Western  Soc.  C.  E.,  Vol.  I,  p.  83. 
'Journal  Western  Soc.  C.  E.,  Vol.  I,  p.  217. 
''Journal  Ass'n  Eng.  Soc.'s,  Vol.  XIII,  p.  630. 
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vertical  planes  at  right  angles  to  the  longest  dimensions  or  on  approxi- 
niateh'  radical  lines  if  curved,  to  determine  in  advance  the  planes  of 
weakness  along  which  cracks  due  to  contraction  in  setting,  or  to 
changes  in  temperature,  shall  take  ])lace." 

The  vSan  Mateo  dam  was  built  in  blocks  of  about  30'  x  30'  x  10' 
which  were  so  placed  as  to  break  joints  both  horizontally  and  verti- 
cally. A  crack  appeared  in  the  Beetaloo  dam  '  which  was  built  with- 
out vertical  joints,  but  the  resident  engineer  gives  as  his  opinion  that 
it  was  not  due  to  temperature  changes  but  to  settlement  in  the  founda- 
tion. The  cracks  in  the  Maligakanda  concrete  reservoir  '  in  Ceylon 
were  due  to  changes  in  temperature,  according  to  Sir  John  Fowler. 
These  experiences  and  the  cracking  of  the  Cold  Spring  dam,  as  will  be 
subsequently  noted,  tend  to  show  that  some  provision  for  expansion 
and  contraction  is  necessary. 

As  shown  in  the  expert  report  of  Messrs.  Davis,  Cross  and  Shunk 
on  the  plans  for  the  Quaker  Bridge  dam,  the  curved  form  better  accom- 
modates itself  to  changes  of  volume  due  to  changes  of  temperature. 

A  method  that  has  been  suggested  to  avoid  damage  from  cracking  is 
to  make  vertical  joints  in  the  concrete  extending  the  whole  width  and 
depth  of  the  dam,  leaving  a  rectangular  hole  across  the  joint  near  the 
upstream  face  about  one  square  foot  in  size,  which  is  to  be  subse- 
quently filled  with  asphalt.  In  an  experiment*  made  by  Mr.  W.  H. 
Stanger  at  the  time  when  the  methods  for  repairing  the  Maligakanda 
reservoir  in  Ceylon  were  being  con.sidered,  a  layer  of  asphalt  thick 
was  spread  so  as  to  cover  the  faces  of  two  concrete  blocks.  The 
blocks  were  afterward  forced  apart  Y^"  by  wedges  and  the  asphalt 
showed  no  signs  of  tearing  after  one  month. 

Fr.  von  Hmperger  gives*  for  concrete  a  change  in  length  of  i  in  800 
for  a  change  in  temperature  of  180°  F.  This  rate,  however,  varies 
with  the  density  and  the  state  of  aggregation.  He  states  that  all 
masonry  walls  crack  more  or  less,  but  in  a  dam  or  reservoir  wall,  the 
section  should  have  such  a  great  surplus  of  strength  that  cracks  are  not 
likely  to  occur  and  that  in  building  concrete  walls  for  any  purpose, 
those  which  are  slightly  curved,  or  such  as  can  be  built  in  sections,  are 
preferable. 

It  may  be  said  that  it  is  cheaper  to  build  the  structure  entire  and 


1  Proc.  Inst.  C.  E.,  Vol.  CXIII,  p.  158. 

2Proc.  Inst.  C.  E.,  Vol.  CXVI,  p.  291.  Eng.  News,  Vol.  XXXII,  p.  115. 
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then  if  cracks  appear,  fill  them  up  with  grout  under  pressure,  as  was 
done  with  the  cracks  in  the  Beetaloo  dam,  or  otherwise  repair  them. 
This  method  may  be  justified  in  small  dams,  but  with  a  long  structure 
the  works  may  be  seriously  endangered  and  the  process  of  repairing 
ma}"  need  to  be  continued  for  some  time,  adding  unforeseen  expense  to 
the  work. 

Opinions  differ  as  to  the  architectural  beauty  of  a  concrete  dam,  some 
claiming  that  it  should  be  faced  with  rubble  or  cut  stone  when  it  is 
located  where  its  appearance  is  an  important  item,  others  thinking  that 
it  can  be  made  artistic  by  ornamentation,  which  is  easily  done  by  using 
molds  of  the  required  form. 

The  Cold  Spring  dam  spans  a  small  creek  with  about  3^  square 
miles  of  drainage  area  forming  a  reservoir  of  15,000,000  gallons 
capacity.  The  population  of  Cold  Spring  is  about  3,000  and  the  vil- 
lage, which  is  50  miles  from  New  York  City,  lies  on  a  sloping  hill  on 
the  east  bank  of  the  Hudson  River.  The  dam  is  2^  miles  back  from 
the  river  and  the  spillway  has  an  elevation  of  294'  above  it. 

The  dam  is  located  between  two  ledge  projections.  The  rock  in 
these,  as  well  as  that  underneath,  was  seamy,  necessitating  an  average 
rock  excavation  of  10'.  The  dam,  including  the  spillway  but  exclud- 
ing the  wing  wall,  is  140'  long  on  top,  85'  long  at  a  distance  of  20' 
below  the  top,  and  35'  long  40'  below  the  top.  Its  greatest  height  is 
45'.  The  spillway  is  20.5'  long  and  is  situated  upon  the  ledge  on  the 
south  side  of  the  creek  in  the  same  line  with  the  dam. 

The  water,  after  leaving  the  spillway,  is  carried  by  wash  walls  and 
the  natural  rock  on  the  ledge  a  distance  of  100'  before  it  falls  over  into 
the  old  bed  of  the  creek.  The  level  of  the  spillway  is  2.5'  below  the 
top  of  the  dam  and,  in  order  to  prevent  any  possibility  of  the  water 
overrunning  the  dam  during  fre.shets,  the  whole  of  the  wuig  wall  south 
of  the  spillway  was  left  one  foot  below  the  top  of  the  dam  so  that  the 
water  would  run  over  this  and  waste  on  the  ledge.  The  wing  wall  runs 
at  right  angles  to  the  line  of  the  dam  and  spillway  and  is  45'  long-.. 
Sections  of  the  dam,  spillway  and  wing  wall  and  the  plan  are  shown 
on  page  18. 

When  the  excavation  was  completed,  the  foundation  was  washed  and 
scrubbed  with  brooms  and  any  seams  grouted  with  a  mixture  of  i  Port- 
land cement  to  2  sand.  The  whole  bottom,  before  the  laying  of  con- 
crete, was  covered  with  a  thin  layer  of  this  mortar. 

The  broken  stone  for  the  concrete  was  crushed  from  the  rock  exca- 
vated at  the  .site  of  the  dam  and  from  rock  taken  out  of  the  ledge  on 
the  north  side  of  the  creek  80'  above  the  dam.  The  rock  was  a  hard 
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gneiss  which  broke  up  well  in  the  crusher.  A  sufficient  amount  of 
rock  was  blasted  out  before  any  concrete  was  laid  so  there  would  be  no 
possibility  of  injury  to  the  work  from  the  blasting.  There  were  three 
derricks,  the  first  controlled  the  quarry  above  the  dam,  the  second,  the 
northern  portion  of  the  dam,  and  the  third,  tlie  southern  portion  of  the 
dam  and  the  wing  wall.  The  rock  was  delivered  to  the  crusher  plat- 
form by  the  first  and  second  derricks  and,  after  being  crushed,  fell  on 
to  the  mixing  platform.  The  concrete  mixing  was  done  by  hand,  the 
cement  and  sand  being  first  mixed  dry  and  then  spread  over  the  stone 
and  the  whole  turned  three  times,  water  being  added  in  the  first  turn- 
ing. In  the  third  turning,  it  was  thrown  into  a  scale  box  and  then 
delivered  on  to  the  dam.  It  was  placed  in  layers  of  6"  to  8"  over  the 
whole  surface  of  the  dam,  the  layers  being  made  to  slope  upwards 
about  I  in  5  towards  the  downstream  face.  Each  surface,  if  already 
set,  was  moistened  and  coated  with  a  skim  of  mortar,  i  part  Portland 
cement  to  2  parts  sand,  before  more  concrete  was  added. 

The  proportions  of  the  concrete  were  i  Portland  cement,  sand, 
3}^  crushed  stone  for  the  first  six  feet  at  the  bottom,  then  1:2:4  for 
the  next  six  feet,  and  i  :  3  :  5  for  the  remainder  of  the  dam.  The  out- 
let pipes,  which  consisted  of  one  12"  cast  iron  effluent  pipe  and  one  14" 
cast  iron  drain  pipe,  were  surrounded  by  3"  of  mortar,  i  part  Portland 
cement  to  2  parts  sand.  The  top  of  the  dam  was  also  covered  for  a 
depth  of  3"  with  this  mortar. 

The  faces  of  the  dam  were  made  smooth  by  ramming  just  inside  the 
forms  with  a  flat  square-pointed  shovel,  thus  driving  the  stones  back 
from  the  face  and  securing  practically  a  mortar  surface.  Upon  com- 
pletion, the  faces  were  also  whitewashed  over  with  a  grout  mixture  of 
one  cement  to  one  sand,  thus  filling  up  any  interstices  that  there  might 
be.  All  corners  were  rounded  off  by  a  curve  with  a  6"  radius.  It  was 
found  that  these  rounded  corners  required  considerable  extra  labor  and 
were  difficult  to  make. 

From  a  level  of  30'  below  the  top  of  the  dam,  a  saving  in  cement 
was  effected  by  embedding  boulders  in  the  concrete,  varying  in  size 
from  %  \.o  1%  cubic  yards.  These  were  placed  far  enough  apart  so 
that  the  concrete  could  be  well  rammed  between  them  and  were  not 
put  nearer  either  face  than  2'.  They  were  washed  and  covered  with  a 
skim  of  mortar,  i  part  Portland  cement  to  2  parts  sand,  before  the  con- 
crete was  placed  against  them. 

The  forms  or  molds  for  placing  the  concrete  consisted  of  3"  X  8"  X 
16'  upright  pine  timbers  spaced  8'  apart,  inside  of  which  were  placed 
2"  X  8''  X  16'  tongue  and  proved  pine  boards  planed  on  one  side. 
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The  uprights  were  held  in  place  at  the  bottom  by  outside  bracing,  but 
above  that  were  kept  in  position  by  y?,"  bolts  i8"  long  placed  8"  in  the 
concrete.  Tiiese  bjlts  liad  a  nut  at  each  end,  thus  when  the  outer 
nuts  were  unscrewed,  the  form  could  be  removed  and  then  by  unscrew- 
ing the  bolts  from  the  inner  nuts,  they  could  be  taken  out,  leaving 
these  nuts  in  the  concrete.  The  holes  left  i)y  the  bolts  were  rammed 
full  of  mortar. 

The  intake  chamber  from  the  foundation  up  to  the  pij)es  is  built  solid 
of  concrete,  above  tliis  it  is  made  of  l^rick.  It  is  5'x6',  outside  meas- 
urements, with  walls  12"  thick.  The  brick  side  walls  of  the  chamber 
were  bonded  into  the  upstream  face  of  the  dam  by  leaving  two  vertical 
chases  in  the  concrete,  the  width  of  the  walls.  The  depth  of  these 
chases  changed  at  every  foot,  being  6"  for  the  first  foot,  then  12",  then 
18",  and  then  l)ack  to  6"  again,  and  so  on  uj)  to  the  top.  The  intake 
chamber  had  three  gate  valves,  one  of  14"  on  its  upstream  wall,  its 
centre  31'  below  the  spillway,  another  of  /6"  on  its  south  side  wall  20' 
below  the  spillway,  another  of  16"  ow  its  north  side  wall  4'  below  the 
spillway. 

The  outlet  pipes  pa.ssed  through  a  brick  gate  house  1 2' x  12'  at  a  dis- 
tance of  45'  below  the  upstream  face  of  the  dam.  This  contained  the 
gate  valves  for  regulating  the  amount  of  water  supplied  to  the  village 
or  for  draining  the  dam,  and  a  10"  Venturi  meter  so  that  a  record  of 
the  amount  of  water  furnished  could  be  kept.  The  supply  main  run- 
ning from  this  gate  house  to  the  village  was  a  10"  cast  iron  pipe. 

The  dam  was  designed  and  constructed  by  Mr.  Francis  Henry,  the 
contractors  were  J.  W.  Hoffman  &  Co.  The  work  of  excavation  was 
done  in  November  and  December,  1895,  ^'^^  the  concrete  was  laid  in 
the  months  of  April,  May  and  June,  1896.  The  total  amount  of  rock 
excavation  was  1732  cu.  yds.  and  the  total  amount  of  concrete  was 
2306  cu.  yds.  The  amount  of  cement  used  was  3245  barrels  or  an 
average  for  the  whole  dam  of  1.4  barrels  per  cu.  yd.  of  concrete.  The 
use  of  mortar  in  covering  the  foundation,  between  the  concrete  layers 
and  in  the  3"  covering  on  top  of  the  dam  and  the  increased  percentage 
of  cement  in  the  concrete  mixtures  used  near  the  foundation,  make  this 
average  higher  than  the  normal  for  a  1:3:5  mixture  although  these 
items  are  offset  to  a  certain  extent  by  the  .saving  in  cement  effected  by 
the  use  of  the  embedded  boulders.  The  contract  price  for  rock  excava- 
tion was  $1.30  per  cu.  yd.  and  for  concrete  $3.10  per  cu.  yd.,  the 
village  furnishing  the  cement.  The  cement  co.st  $1.92  per  barrel  at  the 
Cold  Spring  dock  on  the  Hudson  River.  The  wharfage,  hauling  to 
site  of  dam,  tallying  and  the  construction  of  a  storage  house  at  the  dam 
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were  respective!}^  2,  15^,  3  and  4)4  cents  per  barrel,  which  makes  the 
cost  of  cement  at  the  works  $2.17  per  barrel.  The  total  average  cost, 
therefore  of  the  concrete  per  cii,  yd.  to  the  village  was  $6.14. 
(§2. 17x1.4  added  to  §3.  10. ) 

The  dam  was  completed  in  June,  1896  and  after  one  month  was 
allowed  to  fill  slowly.  It  has  since  been  in  constant  use.  In 
November,  1896,  a  crack  appeared  about  20'  from  the  northern  ex- 
tremity. The  crack  was  about  yg-"  '^vide  and  uniform.  It  extended  in 
a  nearly  straight  line  across  the  top  and  ran  down  to  bedrock  in  a  nearly 
vertical  plane  on  both  of  the  upstream  and  downstream  faces.  It  was 
repaired  by  drilling  along  the  line  of  the  crack  on  the  upstream  face 
one  inch  holes,  5  to  6"  deep  and  3  to  3)4"  apart  vertically  slanting 
downwards  at  an  angle  of  45°  so  that  the  bottom  of  one  hole  would  be 
lower  than  the  top  of  the  adjacent  hole  below,  and  then  ramming  them 
full  with  brick  clay  and  fine  sifted  sand.  A  chase  was  also  cut  along 
the  line  of  the  crack  on  top  of  the  dam  and  filled  with  a  grout  of  neat 
cement.  No  trouble  from  leakage  has  since  been  experienced,  although 
the  crack  opens  slightly  in  winter  and  closes  in  summer.  It  is  believed 
that  the  clay  has  gradually  silted  up  the  crack. 

The  mortar  covering  on  top  of  the  dam  has  scaled  off  and  separated 
from  the  concrete  in  some  places,  which  tends  to  show  as  previously 
noted  in  the  quotation  from  Major  Marshall,  that  mortar  coverings, 
when  put  on  after  the  concrete  has  set,  are  not  advisable  unless  bonded 
into  the  concrete. 


DATA  OF  STREAM  FLOW  IN  RELATION  TO  FORESTS. 

GEORGE  W.   RAFTER,  M. AM.SOC. C. E. 

Tlie  development  of  water  power  in  recent  years  lias  made  every- 
thing relating  to  stream  flow  not  only  of  interest  and  importance,  but 
even  of  commercial  value.  It  has,  indeed,  become  necessary  that  en- 
gineers understand  the  laws  governing  stream  flow — or  more  broadly, 
that  division  of  the  science  of  hydrology  relating  to  stream  flow— as  a 
part  of  their  professional  stock  in  trade.  It  is  i)roposed,  therefore,  to 
give  in  this  pa|)er  some  of  the  more  useful  ])hysical  data  on  which  has 
been  founded  the  view  that  with  other  conditions  remaining  the  same, 
a  forested  area  will  yield  a  larger  runoff  in  the  issuing  streams  than 
will  a  similar  ar^a  from  which  the  f<3rest  covering  has  been  removed. 
It  appears  the  more  desirable  to  present  these  data  in  a  single  compila- 
tion, because  they  are  widely  scattered — so  far  as  the  English  literature 
of  the  subject  is  concerned  never  having  been,  with  the  exception  of 
some  of  the  annual  reix)rts  of  the  Forestry  Division  of  the  U.  S.  De- 
partment of  Agriculture  and  Bulletin  No.  7  on  Forest  Influences  of 
that  Department,  even  approximately  brought  together.  Abroad,  on 
the  other  hand,  the  general  question  of  forest  influences  has  been  ex- 
tensively considered,  not  only  as  regards  runoff  of  streams,  but  in  its 
relations  to  many  other  questions  as,  for  instance,  the  relation  of  the 
temperature  under  woods  and  outside  ;  the  determination  of  rainfall 
under  woods  and  outside  ;  the  influence  of  the  forest  floor  covering  on 
the  humidity  of  the  soil  and  on  evaporation  from  the  same  ;  the  amount 
of  evaporation  in  the  forest  and  without  ;  the  quantity  of  ground 
water  at  different  depths  under  woods  and  outside,  with  various  aspects 
and  under  various  kinds  of  trees  ;  the  liygrometric  condition  of  the  air 
under  woods  and  outside  ;  the  rain  and  snow  reaching  the  ground 
under  woods  and  outside  ;  and  manv  other  questions  have  been  studied. 
In  the  United  States,  thus  far,  the  foregoing  divisions  of  the  subject 
have,  with  one  or  two  exceptions,  been  left  untouched,  although 
measurements  of  stream  flow  have,  during  the  last  few  years,  been 
carried  on  in  many  places. 

Moreover,  the  subject  has,  for  the  reasons  already  assigned,  attracted 
considerable  attention,  and  been,  in  consequence,  the  object  of  a  great 
deal  of  popular  writing,  in  which  the  most  diverse  views  have  been  ex- 
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pressed.  Thus,  it  has  been  held  that  forests  not  ofily  increase  rainfall, 
but  that  they  increase  the  total  annual  flow  of  streams,  at  the  same 
time  retarding  the  rate  of  surface  runoff,  thereby  decreasing  the 
severity  of  floods.  The  contrary  view,  that  forests  not  only  do  not  in- 
crease precipitation,  but  that  they  are  without  effect  on  rate  of  runoff, 
and  hence  that  floods  are  quite  as  great  from  forested  as  from  defor- 
ested areas,  has  also  been  strongly  championed. 

Henry  Gannett's  Paper  on  Forest  Influences. — As  one  of  the 
notable  papers  of  the  last  ten  or  fifteen  years,  we  may  refer  to  a  paper 
by  Henry  Gannett,  formerly  Geographer  of  the  U.  S.  Geological  Sur- 
vey, which,  possibly  on  account  of  the  official  position  of  its  author, 
received  an  amount  of  attention  from  the  public  press,  hardly  justified 
by  the  contents  of  the  paper.  Mr.  Gannett's  paper  probably  attracted 
more  popular  attention  than  such  publications  ordinarily  do,  because  of 
treating  the  conditions  prevailing  in  our  own  country,  the  method  be- 
ing to  select  extensive  areas  widely  separated  geographically,  and  com- 
pare the  amounts  of  precipitation  during  different  periods.  On  this 
line,  Mr.  Gannett  assumed  as  a  prairie  region  the  area  comprising 
Iowa,  northern  Missouri,  southern  Minnesota,  Illinois  and  part  of 
Indiana,  vvhich  he  deemed  to  offer  a  proper  field  for  comparison,  be- 
cause it  is  asserted  that  in  the  last  thirty  or  forty  years  this  area  has 
been  considerably  reforested  by  natural  growth.  As  a  second  area  he 
selected  the  State  of  Ohio,  originally  heavily  wooded,  but  which  has 
been  considerably  deforested  in  the  last  sixty  years.  A  third  area  com- 
prised New  England  and  parts  of  New  York,  which,  originally  densely 
wooded,  then  almost  entirely  deforested,  is  claimed  by  Mr.  Gannett  to 
now  be  largely  grown  up  to  forest  again. 

Mr.  Gannett  attempted  to  solve  the  question  whether  these  assumed 
changes  in  forestration  have  been  accompanied  by  changes  in  the 
quantity  of  rainfall. 

It  seems  very  obvious  to  the  author  that  discussion  on  tlie  lines  here 
indicated  must  necessarily  be  barren  of  results.  Sir  Robert  Rawlinson 
pointed  out,  many  years  ago,  that  as  a  broad  proposition,  climatic 
movements  are  on  such  an  extended  .scale  as  to  be  generally  beyond 
any  influence  which  man  can  bring  to  bear.  This  proposition  has 
never  been  successfully  disputed.  Indeed,  the  most  skilled  meteorolo- 
gists of  the  present  day  assert  that  there  have  been  no  essential  changes 
in  climate  anywhere,  for  the  last  two  thousand  years.  This  statement 
does  not  mean  that  swamp  areas  may  not  have  been  improved  by  cut- 
ting the  timber  and  by  drainage,  but  does  mean  that  the  general  cli- 
mate over  areas  as  broad  as  those  considered  by  Mr.  Gannett,  has 
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remained,  during  Uie  historical  period,  substantially  unchanged. 
Again,  it  may  l>e  pointed  out  that  ever  since  the  invention  of  the  rain 
gage  by  Leonardo  de  Vinci,  rainfall  records  have  been  kept  at  a  num- 
ber of  places  abroad,  some  of  them  now  extending  over  from  one  to 
two  hundred  years. ^  A  study  of  such  records  shows  that  climate  is, 
on  the  whole,  persistently  maintaining  a  certain  average.  It  follows, 
therefore,  that  Mr.  Gannett's  method  of  treatment  was  fundamentally 
wrong.'''  There  are  a  number  of  other  papers  of  recent  years,  which, 
for  various  reasons,  have  been  without  effect  other  than  to  produce 
erroneous  impressions  in  the  popular  mind. 

The  author  has  no  desire  to  impeach  the  good  intentions  of  any  of 
the  gentlemen  presenting  the  views  referred  to.  He  recognizes  that 
the  chief  difficulty  with  .some  of  the  recent  writers  on  this  subject — 
especially  the  authors  of  popular  articles  in  the  magazines — with  which 
he  is  familiar,  has  been  an  evident  lack  of  full  acquaintance  with  the 
physical  data  really  applying.  One  object  of  the  present  paper  is,  to 
some  extent,  to  supply  this  lack  by  actually  quoting  these  data,  or, 
when  too  extended  for  citation,  to  indicate  where  some  of  the  more 
important  may  be  found."' 

The  autlior  does,  however,  wish  to  point  out  as  a  tentative  propo- 
sition, that  the  real  reason  why  forested  areas  furnish  more  water  in 
the  streams  for  a  given  rainfall  than  do  deforested  and  cultivated  areas, 
is  because  forests,  on  the  whole,  consume  less  water  than  do  deforested 
and  cultivated  areas.  The  data  herein  given  are  especially  directed 
towards  establishing  this  tentative  proposition. 

Reports  of  the  Forestry  Division,  U.  S.  Department  of  Agri- 
culture.— The  work  of  this  Department  has  been  already  mentioned, 
and  it  is  referred  to  no  further  in  this  place  than  to  recognize  that  some 
attempt  to  present  adequate  data  has  been  made  by  the  Division  of 
Forestry,  especially  in  the  Annual  Reports  for  1888,  1889,  etc.,  and  in 
Bulletin  No.  7,  Forest  Influences,  already  referred  to.  The  Reports 
on  Forestry,  Volumes  I  and  II,  by  Franklin  B.  Hough,  may  be  also 
consulted,  especially  Volume  I,  for  considerable  data  applying  to  the 
subject. 


'  For  convenient  reference  to  a  discussion  of  long  rainfall  records,  see  paper 
On  Mean  or  Average  Annual  Rainfall  and  the  Fluctuations  to  which  it  is  Subject. 
By  Alexander  R.  Binnie,  M.  Inst.  C.  E.,  Proc.  Inst.  C.  E.,  Vol.  CIX  (1892),  pp. 
89-172. 

^  As  to  constancy  of  climate,  see  Russell's  Meteorology,  p.  loi. 
'  It  is  not  intended,  however,  to  claim  that  all  the  data  applying  are  cited  herein. 
Merely  such  are  given  as  have  fallen  under  the  author's  observation. 
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DIVISIONS  OF  THE  SUBJECT. 

Following  generality,  though  not  exclusively,  Durand-Claye  in  his 
Hydraulique  Agricole  et  Genie  Rural,  we  may  discuss  the  subject  under 
the  following  main  divisions,  namely  :  Rainfall,  Temperature,  Hy- 
grometry,  Evaporation,  and  Miscellaneous  Data.  This  division  is 
necessarily  taken  somewhat  arbitrarih%  one  frequently  running  into 
another,  and  is  made  merely  for  the  purpose  of  assisting  somewhat  in 
handling  the  data. 

Before  proceeding  to  the  main  discussion,  the  author  may  very  prop- 
erl}^  indicate  that  while,  as  a  tentative  proposition,  he  has  no  doubt 
that,  other  conditions  remaining  the  same,  forest  areas  more  water 

from  a  given  rainfall  than  do  similar  deforested  areas — and  certain  data 
derived  from  recent  studies  in  the  State  of  New  York  will  be  presented 
strongly  substantiating  this  view — nevertheless  it  is  recognized  that 
some  of  the  information  really  needed  for  final  conclusions,  is  not  yet 
gathered,  and  in  consequence  all  final  conclusions  are  necessarily  de- 
layed for  many  3'ears — at  any  rate  so  far  as  the  comparison  of  broad 
areas  widely  separated  is  concerned.  Illustrations  of  why  this  is  true 
.    will  be  given  further  on. 

The  foregoing  definition  of  what  seems  to  the  author  to  be  the 
present  state  of  the  data  of  stream  flow  in  relation  to  forests,  is  made 
necessary  because  one  of  the  mooted  questions  at  the  present  time  is  as 
to  the  proper  method  of  investigation  to  be  pursued.  The  foreign 
studies  of  forest  meteorology  have  been  mostly  carried  on  with  refer- 
ence to  comparing  temperature,  hygrometric  and  other  meteorological 
conditions  in  the  forest,  with  outside  conditions,  the  runoff  of  streams 
having  been,  generally  speaking,  only  casually  considered.  On  the 
contrary,  Mr.  C.  C.  Vermeule,  of  the  New  Jersey  Geological  Survey, 
asserts,  in  effect,  that  nothing  satisfactory  can  be  arrived  at  by  the 
consideration  of  forest  meteorology  ;  he,  indeed,  ignores  all  of  the  ac- 
cumulations of  knowledge  of  the  foreign  meteorological  stations  and 
attempts  to  base  conclusions  entirely  upon  comparison  of  runoffs.  So 
certain  is  Mr.  Vermeule  that  this  is  the  best  method  of  procedure,  that 
he  rather  makes  a  point  of  ignoring  the  data  of  forest  meteorology. 

The  author's  present  view  is  that  really  satisfactory  results  will  never 
be  obtained  until  studies  extending  over  a  considerable  number  of 
yedrs  have  been  made,  not  only  of  the  runoff  of  streams  from  similarly 
situated  contiguous  areas,  the  one  forested  and  the  other  deforested, 
but  of  the  meteorohjgical  conditions  of  such  areas,  including  tempera- 
ture, dew  point,  humidity,  vapor  pressure,  precipitation,  and  wind 
velocity.    By  way  of  illustrating  how  these  several  elements  vary  in 
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different  parts  of  the  United  States,  the  following  tabulations  have  been 
compiled  from  the  Annual  Reports  of  tlie  Chief  of  the  U.  S.  Weather 
Bureau  for  the  years  1891-96,  inclusive,  the  places  therein  given,  at 
which  complete  observations  have  been  kept,  being  selected  with 
reference  to  showing  what  considerable  variations  in  these  elements 
prevail  in  different  parts  of  the  United  States.  It  may  be  noted  in 
passing  that  temperature,  dew  point,  humidity,  vapor  pressure,  pre- 
cipitation, and  velocity  of  wind,  are  the  elements  which  determine  the 
intensity  of  evaporation. 

TABLE 

Showing  Mf:an  Variation  of  Years  1891  to  1896,  InclUvSive,  in  Meteoro- 
ivOCiCAi^  Conditions  in  Different  Parts  of  the  United  States. 


Namp: 

of  PIvACE. 

Mean 

Teniperalnre.  j 

Dew  Point. 

Relative 
Humidity. 

Vapor 
Pressure. 

Precipitation. 

1 

Wind — Average 
hourly  velocity. 

< 

00 

8  p.m. 

< 

CO 

8  p.  M. 

8  A.  M. 

8  p.m. 

F° 

F° 

F° 

Perct. 

Perct. 

Inchs. 

Inchs. 

Inchs. 

Miles. 

Abilene,  Texas  

63.8 

47-3 

45.3 

76.3 

48.0 

•374 

.340 

23-79 

II. 0 

Albany,  N.  Y  

48.5 

39-2 

40.8 

80.3 

73-5 

.292 

•303 

34-12 

7-7 

Block  Island,  R.  I. 

49.0 

42.7 

44.0 

81.0 

82.3 

.320 

•332 

43-03 

16.4 

Boston,  Mass  

49-5 

39-1 

40.8 

73.3 

72.7 

.282 

.299 

39-32 

12.3 

Bnffalo,  N.  Y  

47.0 

38.1 

38.7 

74-7 

70.5 

.270 

.276 

37.25 

II. 9 

Cleveland,  Ohio  

49-4 

39-6 

41.3  77.0 

71.0 

.290 

•305 

32.64 

12. 1 

Denver.  Col.  

49.8 

25-7 

26.2 

57-3 

38.0 

.160 

•159 

14.66 

7-7 

El  Paso,  Texas  

63.4 

30.8 

24.7 

49-3 

23.8 

.206 

.166 

7. II 

9-7 

Los  Angeles,  Cal  

61.9 

46.0 

50.8 

80.0 

64-5 

•331 

•383 

14-23 

3-6 

Oswego,  N.  Y.  

45.8 

37-2 

38.0 

77.2 

72.8 

.266 

.268 

34-71 

II. 2 

RAINFALL. 


Meteorology  ma}^  be  defined  as,  broadl}^  the  study  of  the  atmos- 
phere, its  properties,  motions  and  appearances,  etc. ,  an  orderly  ar- 
rangement of  all  the  facts  relating  thereto  constituting  the  science  of 
meteorology.^  The  consideration  of  rainfall  in  relation  to  the  runoff 
of  streams  may  be  considered  a  division  of  applied  meteorology. 

'  See  Meteorology.  By  Thomas  Russell,  U.  S.  Engineer.  Also,  Meteorology  ; 
Practical  and  Applied,    By  J.  William  Moore. 
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Annual  Rainfall. — In  compiling  rainfall  records  for  purposes  of 
comparison  with  runoffs  of  streams,  it  is  the  author's  custom  to  ar- 
range them  in  a  water  year  beginning  with  the  month  of  December, 
and  ending  with  November.  Such  a  year  is  again  divided  into  three 
periods,  December  to  May,  inclusive,  constituting  the  storage  period  ; 
June  to  August,  inclusive,  the  growing  period  ;  and  September  to  No- 
vember, inclusive,  the  replenishing  period.  During  the  storage  period 
a  large  per  cent,  of  the  total  rainfall  appears  as  runoff  in  the  streams, 
while  in  the  growing  period  the  percentage  of  rainfall  appearing  in 
the  .streams  is  very  .small,  the  bulk  of  the  precipitation  of  that  period 
being  used  up  by  plant  life  and  evaporation  from  the  surface  of  the 
ground.  Usually  tiie  stored  ground  water  is  so  drawn  upon  during 
this  period  as  to  produce  a  low  water  table.  The  replenishing  period 
is  an  intermediate  stage  during  which  evaporation  gradually  decreases, 
and  provided  the  rainfall  is  not  deficient,  ground  water  rises  to  its 
usual  height.  Naturally  these  periods  run  more  or  le.ss  into  one 
another,  depending  upon  whether  seasons  are  advanced  or  retarded.^ 

The  English  writers  on  liydrology  make  a  water  j^ear  beginning  with 
September  and  ending  with  August.  This  water  year  is  again  divided 
into  a  winter  period  extending  from  October  to  March,  inclusive,  and 
a  summer  period  from  April  to  September,  inclusive,  as  best  fitting  the 
conditions  of  English  climate.  Mr.  Beardmore  in  his  Manual  of 
Hydrology,  proposes  a  water  year  of  three  periods  of  four  months 
each,  the  first  including  November  to  February,  inclu.sive,  which  he 
calls  the  winter  division  ;  the  second,  March  to  June,  inclusive,  the 
spring  division  ;  and  July  to  October,  inclusive,  the  summer  division. 
This  plan,  Mr.  Beardmore  considers,  gives  better  opportunity  for  com- 
parison. As  regards  American  climatic  conditions,  however,  the 
author  considers  the  division  into  storage,  growing  and  r. plenishing 
periods,  as  given  in  the  foregoing,  on  the  whole,  the  best 
-arrangement.^ 

^  For  examples  of  rainfall  and  stream  runoff  records  written  up  with  reference 
to  a  water  year  extending  from  December  to  November  inclusive,  and  divided  into 
storage,  growing  and  repleni.sbing  periods,  see  the  author's  several  reports  on 
•Genesee  and  Hudson  Rivers  vStorage  Projects,  in  the  Annual  Reports  of  the  State 
Engineer  and  Surveyor  of  New  York  for  1895-96,  inclusive. 

2  See  f  I  jBeardmore's  Manual  of  Hydrology,  pp.  2-81  ;  (2)Harri,son's  paper  On 
the  vSubterranean  Water  in  the  Chalk  Formation  of  the  Upper  Thames,  and  its 
Relation  to  the  Supply  of  London,  in  the  Proc.  Inst.  C,  E.,  vol.  CV  (1891),  pp.  35- 
46;  (3)  Evans' paper  On  the  Percolation  of  the  Rainfall  on  Absorbent  Soils,  in 
Proc.  Inst.  C.  E..  Vol.  XLV  (1876),  pp.  208-216  ;  and  (4)  Graves'  paper  On  Evaj^- 
oration  and  Percolation,  also  in  Proc.  Inst.  C.  E.,  Vol.  XLV  (1876). 


28  Association  of  Civil  Eyigincers  of  Cornell  University . 


Rainfall  data  in  the  United  States. — The  chief  sources  of  in- 
formation as  to  rainfall  in  the  United  States  are,  (i)  the  Annual  Re- 
ports of  the  U.  S.  Weather  Bureau  ;  (2)  the  monthly  and  annual 
publications  of  the  various  vState  Weather  Bureau*^;  and  (3)  a  large 
amount  of  manuscript  records  C(jllected  by  the  Smithsonian  Institution 
previous  to  the  establishment  (^f  the  U.  S.  Weather  Bureau  in  1871, 
and  now  all  in  possession  of  the  Chief  of  the  Weather  Bureau,  and  to 
be  had  by  investigators  on  correspondence  with  his  office.  In  addition 
to  the  stations  of  the  U.  vS.  Weather  Bureau  located  at  many  of  the 
important  cities  of  the  country,  all  of  the  vStates  and  Territories  main- 
tain Weather  Bureaus  and  j^uljlisli  the  re-;ults  either  in  monthly  or 
annual  bulletins.  The  figures  here  given  for  the  several  States  and 
territories,  include  also  the  U.  S.  Weather  Bureau  Stations  in  each 
division. 


Alabama,  59  stations. 

Alaska,   7  " 

Arizona,  53  " 

Arkansas,  51  " 

California,  225  " 

Colorado,  93  " 

Connecticut,  21  " 

Delaware,   6  " 

District  of  Columbia,   4  " 

Florida,  40  " 

Georgia,  63  " 

Idaho,  38 

Illinois.  98  " 

Indiana,  48  " 

Indian  Territory,   9  " 

Iowa,  104  *' 

Kansas,  88  " 

Kentucky,  50  " 

Ivouisiana,   56  " 

Maine,  19  " 

Maryland,  44  " 

Massachusetts,  80  " 

Michigan,  73  " 

Minnesota,  73  " 

Mississippi,  53  " 

Missouri,  109  " 


Montana,  40  stations. 

Nel)raska,  133  " 

Nevada,   55 

New  Hampshire,  26  " 

New  Jersey,   55  " 

New  Mexico,   40  " 

New  York,  97  " 

North  Carolina,  60  " 

North  Dakota,  39  " 

Ohio,  143  " 

Oklahoma,  22  " 

Oregon,  69  " 

Pennsylvania,  92  " 

Rhode  Island,   8 

South  Carolina,  45  " 

South  Dakota,  50  " 

Tennesee,  47  " 

Texas,   96  " 

Utah,  43 

Vermont,  16  " 

Virginia,  45 

Washington,  57  " 

West  Virginia,  45  " 

Wisconsin,  66  " 

Wyoming  14  " 


These  figures  give  a  total  of  2,967  stations  in  the  United  States.  In- 
addition  meteorological  observations  are  made  at  a  number  of  places 
not  included  in  the  foregoing  list,  such  as  agricultural  experiment  sta- 
tions, colleges  and  high  schools,  etc.,  which  easil3'  make  over  3,000- 
stations  in  all. 
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The  State  records  are  also  tabulated  in  the  Annual  Report  of  the  U. 
S.  Weather  Bureau.  The  Annual  Report  of  the  Chief  of  the  Weather 
Bureau  has,  however,  onl\-  been  published  in  its  present  complete  form 
since  the  3'ear  1891,  and  it  has  the  disadvantage  to  the  student  who 
desires  up  to  date  data,  of  being  about  two  years  behind  in  publication. 
If,  therefore,  one  desires  the  recent  data,  it  may  be  obtained  from  the 
Bulletins  of  the  State  and  Territorial  Bureaus,  o-r  b}^  correspondence 
with  the  Chief  of  the  U.  S.  Weather  Bureau. 

TEMPERATURE. 

The  foregoing  statements  as  to  sources  of  information  about  precipi- 
tation may  be  also  taken  as  applying  to  temperature,  hygrometry,  etc., 
except  that  generally  speaking  the  State  and  Territorial  weather  ser- 
vices have  not  gone  extensivel}'  into  liygrometric  observations,  the 
most  of  this  work  being  confined  to  the  stations  of  the  U.  S.  Weather 
Bureau. 

Mean  Annual  and  Monthly  Temperatures. — Mr.  C.  C.  Ver- 
meule  in  his  several  reports  in  the  Annual  Reports  of  the  New  Jersey 
Geological  Survey^  has  stated  that  he  has  discovered  a  relation  between 
mean  temperature  and  the  runoff  of  streams,  and  has  published 
formulae  based  on  the  proposition  that  the  runoffs  of  streams  in  the 
North  Atlantic  and  Middle  Atlantic  States,  vary  with  the  temperature. 
In  his  opinion,  mean  annual  temperature  is  the  one  controlling  element 
determining  ground  evaporation. 

A  study  of  the  table  showing  variation  in  meteorological  conditions 
in  different  parts  of  the  United  States  on  page  26,  may  lead  to  the 
tentative  conclusion,  at  an}^  rate,  that  evaporation  from  the  surface  of 
the  ground  necessarily  varies  more  broadl}^  than  Mr.  Vermeule  has 
apparently  assumed.  Thus,  at  Abilene,  Texas,  the  mean  temperature 
for  the  period  considered  in  the  table  is  63.8°,  while  at  El  Paso,  Texas, 
450  miles  west,  the  mean  temperature  is  shown  to  be  63.4°.  The 
mean  dew  point  at  Abilene  is  47.3°,  at  8  a.  m.,  and  45.3°  at  8  p.  m.  ; 
while  at  El  Paso  it  is  30.8°  at  8  a.  m.  and  24.7°  at  8  p.  m.  At  Abilene, 
the  relative  humidities  as  per  table,  are  76.3  and  48.0  per  cent.  ;  while 
at  El  Paso  they  are  49.3  and  23.8  per  cent.  Vapor  pressures  at 
Abilene  are  0.374  and  0-340  i  and  at  El  Paso,  0.206  and  0.166;  the 
mean  rainfall  at  Abilene,  23.79  inches,  and  7,11  inches  at  El  Paso. 


'  vSee  Annual  Reports  of  the  State  Geologist  of  New  Jersey,  (1890-96,  inclusive), 
also.  Report  on  Water  Supply,  Water  Power,  Flow  of  Streams  and  Attendant  Phe- 
nomena, being  Vol.  Ill  of  the  Final  Report  of  the  State  Geologist  of  New  Jersey. 
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The  average  hourly  velocity  of  the  wind  at  Abilene  is  ii.o  miles,  and 

at  Kl  Paso,  9.7  miles.  Tlie  country  about  both  places  is  an  elevated, 
dry  region,  entirely  destitute  of  any  water  on  the  surface,  and  with 
very  little  timber,  except  small  fringes  along  the  margins  of  streams. 
It  is  perfectly  clear  to  the  author,  from  former  experience  in  central 
and  west  Texas,  that  while  the  mean  temperatures  at  these  two  places, 
are  sui^stantially  the  same,  the  natural  evaporation,  except  accidentally,, 
is  much  greater  at  Ivl  Paso  than  at  Abilene,  although  it  may  be  pointed, 
out  that  since  wind  movement  is  one  of  the  controlling  factors  in  evapo- 
ration, the  lower  average  velocity  of  wind  at  Ivl  Paso  will  tend  to 
reduce  the  average  evaporation  there.  The  difference  in  rainfall  at 
the  two  places  must  also  be  taken  into  account  in  cc^nsidering  actual 
evaporation  results.  The  broad  proposition  is  that  with  equal  rainfalls 
at  tlie  two  places,  other  conditions  remaining  as  shown  by  the  tabula- 
tion, the  evaporation  either  from  water  or  from  land  surfaces  will 
probably  be  greater  at  El  Paso  than  at  Abilene,  although,  po.ssibly,  the 
difference  in  wind  velocity  might  accidentally  make  the  two  not  very 
different.  Similar  comparisons  can  be  made  for  other  stations,  as  for 
instance  between  Block  Island  and  Bo.ston,  where  the  mean  tempera- 
tures are  nearly  the  same,  but  where  there  are  large  variations  in  the 
other  elements  controlling  evaporation.  A  coincidence  in  evaporation 
depths  at  these  two  places  would  merely  mean  an  accidental  balancing 
of  all  the  forces  influencing  evaporation.  We  need,  therefore,  not 
only  tabulations  of  mean  monthly  and  yearly  temperature  as  a  neces- 
.sary  part  of  the  study  on  this  line,  but  tabulations  of  all  the  other 
elements  influencing  evaporation  before  we  can  decide. 

Constancy  of  Temperature. — Temperature  is  a  tolerably  constant 
meteorological  element,  as  may  be  inferred  from  the  following  statistics 
of  mean  annual  temperatures.^ 

At  St.  Petersburg  there  is  a  record  of  temperature  since  1743,  the 
mean  of  which  to  1875,  inclusive,  is  38,6°,  the  higliest  annual  tempera- 
ture being  42.4°  in  1822,  and  the  lowest  34.1°  in  18 15.  At  Paris, 
records  kept  from  1 735-1 890,  inclusive,  show  a  mean  temperature  for 
the  whole  period  of  51.4°,  the  highest  annual  temperature  of  57.6° 
occurring  in  178 1. 

The  following  are  the  annual  temperatures  at  Philadelphia  for  vari- 
ous groups  of  years  from  1 758-1889,  inclusive  : 


For  these  long  temperature  records,  see  Russell's  Meteorolog}^  pp.  103,  104. 
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1758  to  1777  52.6° 

1798  to  1804  54-2° 

1829  to  1838  51.5° 

1825  to  1845  53-1° 

1846  to  1867  54.0° 

1871  to  1889  53.1° 


The  lowest  annual  temperature  at  Philadelphia,  48.2°,  was  in  1836. 

A  study  of  temperature  records,  so  far  as  the  author  has  carried  such 
a  stud}',  seems  to  show  that  there  is  no  direct  relation  between  the 
runoff  of  streams  and  mean  annual  temperature,  althougli  on  this  point 
lie  does  not  wish  to  be  understood  as  yet  passing  a  final  judgment.^ 

HYGROMETRY. 

Hygrometry  may  be  defined  as  that  branch  of  meteorology  which  is 
concerned  with  the  determination  of  the  amount  of  water  present  in 
the  air  in  the  form  of  vapor.  The  degree  of  humidity  is  its  hygro- 
metric  state.  When  expressed  as  a  per  cent.,  it  is  relative  humidit3% 
but  when  the  tension  or  elastic  force  of  aqueous  vapor  which  represents 
the  pressure  of  all  the  vapor  in  the  air  above  the  point  of  observation  is 
expressed  in  terms  of  inches  of  a  mercury  column,  it  represents  the 
absolute  humidity  of  the  air.''^ 

Variations  in  the  Hygrometric  State. — The  hygronietric  state 
varies  greatly  at  different  times  of  day  and  different  seasons.  For 
Diagrams  and  Tables  illustrating  these  variations,  see  Durand-Claye's 
Hydraulique  Agricole  et  Genie  Rural,  Chapter  7. 

EVAPORATION. 

General  Formula  for  Evaporation.— So  far  as  the  English  litera- 
ture of  the  subject  is  concerned,  the  most  satisfactory  discussion  of 
evaporation  is  that  of  Mr.  Fitz  Gerald,"^  whose  fornuila  for  evaporation 
is  as  follows  : 


'  For  a  large  number  of  temperature  records  in  the  State  of  New  York,  tabula- 
ted with  reference  to  a  water  year  from  December  to  November,  inclusive,  and  di- 
vided into  storage,  growing  and  replenishing  periods,  the  same  as  for  rainfall  rec- 
ords ;  see  the  author's  Reports  on  the  Genesee  and  Hudson  Rivers  Storage  Surveys, 
in  the  Annual  reports  of  the  State  Engineer  and  Surve3'or,  as  previously  cited. 
Refer  to  Moore's  Meteorology,  Chapters  XVI  to  XX. 

'  See  paper  On  Evaporation.  By  Desmond  Fitz  Gerald.  Trans.  Am.  Soc.  C.  E., 
Vol.  XV  (vSept.  1886),  pp.  581-646. 
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111  this  formula,  K  means  tlie  maximum  force  of  vapor  in  inches  of 
mercury  corresponding  to  the  temjK'ratnre  of  the  water  ;  v,  tlie  force  of 
vapor  present  in  tlie  air  ;  W,  tiie  velocit}^  of  the  wind  in  miles  per 
hour,  and  E,  the  evaporation  in  inches  of  depth  per  hour.  It  can  be 
sliown  that  there  is  going  on  nearly  always  a  condensation  of  moisture 
from  the  air,  upon  any  water  surface.  At  the  same  time  there  is  going 
on  a  loss  of  moisture  from  the  water  to  the  air.  The  intensity  of  both 
these  operations  depends  upon  the  difference  in  temperature  between 
air  and  water.  When  the  temperatures  of  air  and  water  in  contact  are 
the  .same,  both  processes  stop.  Evaporation  is,  therefore,  the  measure 
of  the  difference  of  these  two  exchanges.  The  experiments  of  Mr. 
P'itz  Gerald  and  others  have  shown  that  evaporation  from  water  sur- 
faces is  subject  to  a  definite  law,  expressed  by  the  formula  just  given, 
but  evaporation  from  the  ground  has  never  been  reduced  to  any  such 
simple  expression.  Various  difficulties  arise  which  apparently  render 
it  impossible  to  make  a  single  expression  covering  all  the  phenomena 
involved.  If  the  surface  of  the  ground  be  kept  constantly  wet,  evapor- 
ation therefrom  goes  on  substantially  as  from  water  surfaces.  The 
main  difficulty,  therefore,  in  reducing  evaporation  from  the  ground  to 
a  sim])le  formula,  is  largely  due  to  uncertaint}'  of  the  water  supply. 
The  demands  of  evaporation  from  the  surface  of  the  ground  are  con- 
tinuous, the  same  as  from  other  surfaces,  but  constant  interruptions  by 
either  complete  or  partial  exhaustion  of  the  available  supply,  compli- 
cate the  action  so  much  as  to  render  expression  by  formula  apparently 
impossible.  Varying  demands  of  vegetation  at  different  seasons  also 
further  complicate  the  problem. 

Evaporation  Data. — Evaporation  data  applying  to  water  surfaces 
at  Boston  may  be  found  in  Mr.  Fitz  Gerald's  paper  already  referred  to. 
For  evaporation  in  the  basin  of  the  Croton  river,  refer  to  the  author's 
paper  On  the  Water  Resources  of  the  State  of  New  York,  No.  24  of 
the  Water  Supply  and  Irrigation  papers  of  the  U.  S.  Geological  Survey  ; 
and  for  evaporation  data  at  Rochester,  refer  to  the  Annual  Reports  of 
the  Executive  Board  of  the  City  of  Rochester,  1891-98,  inclusive  ;  also 
to  the  author's  Report  on  the  Genesee  River  Storage  Surveys,  and  to 
the  paper  on  the  Water  Resources  of  the  State  of  New^  York. 

For  evaporation  data  abroad,  at  a  number  of  foreign  points,  refer  to 
Beardmore's  Manual  of  Hydrology  and  to  Durand-Claye's  Hydraulique 
Agricole  et  Genie  Rziral,  page  257,  where  evaporation  data  applying  to 
Paris,  Turin  and  Lake  Fucino,  may  be  found.  Tables  showing  the 
hourly  variation  of  evaporation  may  be  found  in  Mr.  Fitz  Gerald's 
paper,  and  in  Durand-Claye.    A  number  of  tables  of  evaporation  at 
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foreign  points  are  given  in  the  author's  Report  on  the  Upper  Hudson 
Storage  Surve3'S  for  1896. 

Condition  Chiefly  Affecting  Evaporation.  —  According  to 
Durand-Claye,  tlie  evaporation  from  a  water  surface  depends  upon  sev- 
eral elements  outside  of  temperature,  as  for  instance,  the  hygrometric 
state  exercises  a  certain  action,  but  the  agitation  and  constant  change 
caused  by  wind  movement  exercises  the  greatest  influence  of  all,  be- 
cause of  quickly  removing  layers  of  air  in  contact  with  the  liquid  sur- 
face, substituting  others  in  place  of  them/ 

Double  Significance  of  the  Term  Evaporation. — Mr.  Beardmore 
points  out  in  his  Manual  of  Hydrology  that  the  term  evaporation  is,  in 
reality,  of  double  significance,  the  engineer  regarding  it  as  much  with 
reference  to  the  quantity  lost  when  the  soil  is  wetted  by  rain  or  dew,  as 
the  amount  merely  evaporated  from  exposed  surfaces  of  water,  which 
is  the  evaporation  of  the  meteorologist.  Writers  on  general  meteor- 
ology having  thus  far  only  casually  taken  into  account  land  evapora- 
tion. 

Negative  Evaporation. — This  term  may  be  taken  to  mean  that 
when  the  temperature  of  the  dew  point  is  higher  than  that  of  the 
evaporating  surface,  water  is  deposited  on  that  surface.  Studies  of 
runoff  data  in  comparison  with  rainfall  and  without  regard  to  forest 
meteorology  indicate  that  on  some  watersheds  this  is  a  frequent  condi- 
tion. We  need  forest  meteorology  therefore  to  correct  the  uncertainty 
of  the  runoff  observations  in  this  particular. 

Evaporation  from  Naked  Soil. — As  already  pointed  out,  evapora- 
tion from  the  ground  follows  substantially  the  same  law  as  evaporation 
from  water  surfaces,  varying  in  accordance  with  temperature,  hygro- 
metric state,  wind  movement,  etc.,  and  further  varying  with  the  nature 
of  the  soil.  Experiments  on  this  line  were  made  by  Maurice  at 
Geneva,  Switzerland,  in  1796,  and  by  De  Gasparin,  at  Orange,  France, 
in  1 82 1,  from  which  were  determined  the  ratios  between  evaporation 
from  the  soil  and  rainfall  for  those  years,  as  0.61  for  the  first,  and  0.88 
for  the  second.  More  recent  studies  show  that  these  old  determina- 
tions have  historical  value  only.  Very  recent  French  experiments  are 
those  of  Marie-Dav}',  made  at  the  Municipal  Observatory  of  Mont- 
souris,  as  recorded  in  the  Annual  Report  of  the  Montsouris  Observa- 
tory. Probably  the  best  experiments  are  those  made  in  England, 
where  the  percolation  through  drain  gages  has  been  observed  at  the 

'  Also  refer  to  Fitz  Gerald's  paper,  Beardmore's  Hydrology,  etc.,  for  more  ex- 
tended statements  as  to  conditions  affecting  evaporation, 
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Rothanisted  Agricultural  Experiment  Station  and  at  other  places  for  a 
number  of  years.'  We  may  cite  some  of  the  results  obtained  by  Mr. 
Graves,  and  detailed  in  his  paper  On  Evaporation  and  on  Percolation 
before  the  Institution  of  Civil  Engineers,  Vol.  XLV,  as  already  cited. 
Tile  following  summary  of  results  for  fourteen  years,  all  in  inches,  in- 
cludes the  rainfall  and  j^ercolation  througli  turfed  soil,  and  through  a 
bed  of  deep,  fine  san'd,  the  soil  and  sand  being  contained  in  a  strong, 
open  topped,  water  tight,  slate  box  or  tank,  with  an  area  of  one  square 
yard  and  thirty-six  inches  in  depth.  The  soil  is  turfed  over  and  the 
grass  occasionally  cut. 


PERCOI.ATION.  Evaporation. 


Year. 

Rainfall. 

Ground. 

Sand. 

Ground. 

vSand. 

Water. 

i860  

32.56 

10.76 

24.36 

21.80 

9. 10 

21.06 

1861  

23.63 

5-71 

16.36 

17.92 

7.27 

25.01 

1862  

26.58 

8.55 

21.18 

18.03 

5.40 

17.33 

1863  

19.77 

3.76 

16.41 

16.01 

3.36 

18.27 

i864___  _. 

i5-«'^9 

3.82 

12.64 

12.07 

3.25 

18.64 

1865  

29.25 

II. 15 

27.82 

18.10 

1.43 

20.12 

1866   . 

31.70 

12.59 

28.11 

19. 1 1 

3-59 

18.82 

1867  

27.44 

5-i6 

22.42 

22.28 

5.02 

20.06 

1868  

23.31 

7. II 

20.20 

16.20 

3- 1 1 

26.93 

1869   . 

24.56 

8.05 

22.14 

16.51 

2.42 

19.06 

1870.  _. 

20.40 

7-23 

18.70 

13-17 

1.70 

20.40 

1871  

24.08 

6. 19 

20.08 

17.89 

4.00 

19-58 

1872. _    . 

37-17 

12.03 

30.05 

25.14 

7. 12 

22.92 

1873  

23.77 

4-05 

20.12 

19.72 

3.65 

20.40 

Mean 

25.72 

7.58 

21.41 

18.14 

4.31 

20.61 

Experiments  at  Geneva,  New  York. — Experiments  at  the  N.  Y. 
State  Agricultural  Experiment  Station  at  Geneva  may  also  be  referred  to. 
In  August,  1882,  the  Geneva  Agricultural  Experiment  Station  began 
a  set  of  observations  on  the  amount  of  percolation  through  three  drain 
gages,  gage  No.  i  being  covered  with  sod,  with  the  grass  kept  short 
by  frequent  cuttings  ;  gage  No.  2  was  kept  free  from  all  vegetation,  its 
surface  being  left  undisturbed,  while  the  surface  of  No.  3  was  kept  in 
a  loose  and  fine  condition  by  frequent  stirrings  with  a  trowel.  The.se 
experiments  were  continued  from  1882  until  1890.^ 

The  following  table  gives  the  average  rainfall  and  percolation 
through  each  of  the  three  gages  for  the  period  from  August  i,  1882,  to 
November  i,  1887,  inclusive  : 

^  Extended  references  to  these  data  may  be  found  in  the  author's  Report  on  the 
Upper  Hudson  Storage  Surveys  for  1896. 

^  For  full  detail  see  the  Annual  Reports  of  the  New  York  Agricultural  Experi- 
ment Station  at  Geneva  from  the  Second  (1883)  to  the  Ninth  (1890). 
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Drainage. 


January  

February  _ 

March  

April  

May  

June  

July  

August  

September 

October  

November 
December. 


Cultivat- 

Rainfall. 

Sod. 

Bare  Soil. 

ed  Soil. 

Average, 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

0.939 

0.289 

0.374 

0.351 

0.338 

1-596 

1. 021 

0.831 

0.610 

0.821 

1.030 

0.669 

0.687 

0.636 

0.664 

1.834 

0.655 

0.968 

0.964 

0.862 

z.  1 0(J 

0.598 

0.929 

0.592 

2.710 

0.244 

0.287 

0.738 

0.423 

4.146 

O.OOI 

0.742 

0.868 

0.537 

3-032 

0.002 

0.629 

0.878 

0.503 

1-952 

0.027 

0.493 

0.762 

0.427 

1-733 

0.016 

0.537 

0.61 1 

0.388 

1.722 

0. 192 

0.360 

0.846 

0.466 

0.850 

0.098 

0.442 

0.372 

0.304 

23.724 

3-462 

6.948 

8.565 

6.325 

A  new  set  of  drain  gage.s,  provided  with  an  artificial  water  table, 
were  set  up  at  Geneva  in  1888,  but  thus  far  the  results  gained  with 
them  have  not  been  discussed  at  length  in  the  Annual  Reports.  As  to 
whether  or  not  the  Geneva  gages  are  .stili  in  service  is  unknown, 
although  the  author  cannot  but  think  that  .some  agricultural  station,  at 
any  rate,  should  carry  out  to  final  conclusions  such  a  set  of  experi- 
ments as  was  begun  at  Geneva. 

Risler's  Paper  on  Evaporation  from  the  Soil. — Probably  the 
most  satisfactory  data  as  to  evaporation  from  soil  are  tho.se  contained 
in  a  paper  Sur  V Evaporatio7i  du  Sol,  by  E.  Ri.sler,  published  in  the 
Bibliotheque  Universelle  et  Revue  Suisse,  Archives  des  Scietices  Phy- 
siques et  Naturelles,  for  September,  1869.  ^^^^^  paper  Risler  gives 
the  detail  of  experiments  carried  out  by  him  on  his  estate  at  Caleves 
near  Nyon,  Switzerland.  The  following  matter  is  tran.slated  from  the 
paper  : 

"  Meteorologi.sts  have  made  many  attempts  to  procure  the  proportion 
of  the  rainfall  which  is  returned  to  the  atmosphere  by  evaporation, 
either  directly  by  evaporation  from  the  ground,  or  by  passing  through 
vegetation.  To  determine  these  facts,  different  methods  have  been 
used. 

**  The  method  which  I  have  employed  for  solving  the  problem,  differs 
completely  from  tho.se  used  by  other  experiments.  Thus,  my  method 
consists  in  gaging  the  amount  of  water  issuing  from  under-drains, 
draining  a  certain  known  area,  and  in  comparing  the  amount  of  drain- 
age water  with  the  amount  of  rainfall  on  the  same  surface,  the  differ- 
ence between  the  two  giving  the  quantity  of  water  evaporated. 
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"  In  order  to  successfully  apply  this  method,  two  principal  conditions 
must  be  observed  : 

"  (i)  No  other  water  should  be  allowed  to  come  in  contact  with  the 
earth  except  the  rainfall  directly  upon  the  surface.  For  my  experi- 
ments, a  ])iece  of  land  12,300  square  meters,  situated  upon  the  highest 
part  of  a  clay  plateau,  was  selected.  No  water  could  reach  this  area 
from  the  neighboring  soil. 

"  (2)  It  is  necessary  that  all  the  water  which  is  not  evaporated  be 
received  by  the  drains,  this  second  condition  being  equally  important 
with  the  first.  In  the  area  exj^eriniented  upon,  the  sub-.soil  is  so  com- 
pact that  the  drains  which  are  laid  at  a  depth  of  47  inches  and  33  feet 
apart,  must  necessarily  receive  all  the  water  which  ])enetrates  beneath 
the  surface,  and  which  is  not  eva])()rated. 

"  Tlie  experimental  field  fulfills  all  the  necessary  conditions.  It  has 
no  trees.  In  1867  two-fifths  of  the  area  was  planted  to  potatoes,  two- 
fifths  to  wheat,  three-twentieths  to  Lucerne-grass,  and  one-twentieth  in 
ditches  carrying  the  drainage  water.  In  1868,  two-fifths  were  in  wheat, 
two-fifths  in  clover,  three-twentieths  in  Lucerne-grass,  and  one- 
twentieth  in  ditches.  Gagings  of  the  drainage  water  were  made  at 
noon  each  day  at  a  point  below  where  all  the  drains  come  together. 

"The  following  table  gives  the  quantity  of  rainfall  for  each  month 
of  the  years  1867,  1868,  the  runoff  of  the  drains  and  the  quantity  of 
water  evaporated.  These  figures  show  that  in  1867  the  evaporation 
was  68.75  P^r  cent,  and  in  1868  73.17  per  cent,  of  the  rainfall,  or  mak- 
ing certain  corrections  becau.se  of  the  water  in  the  .soil,  we  have  the 
final  figures  for  1867,  70.75  per  cent.,  and  for  1868,  70.17  per  cent." 


RisIvEr's  Experiments  on  the  Yield  of  Water  from  Underdrained  Areas. 


Month. 

1867. 

1868. 

Rainfall  in 
Inches. 

Runoff  by 
the  drains. 

Evapora- 
tion. 

iRainfall  in 
'  Inches. 

Runoff  by 

the  drains. 

Evapora- 
tion. 

January 

February 

March 

April. 

May ..  . 

June 

July  

August  

September  

October  _ 

November  

December  

5-413 
2.486 

8.139 
6.172 

3972 

3-179 
1.238 

1-958 
3-904 
3-693 
0.293 

1-545 

4.048 
1.679 
3-716 
2.804 
0.709 
0.028 
0.000 
0.000 
0.000 
0.T30 
0.000 
0.000 

1-365 
0.807 

4-423 
3-367 
3-263 

3-151 
1.238 
1-958 
3-903 
3-562 
0.293 
1-545 

;  2.391 
0.374 

3-  697 
1  2.598 

i  1-649 
1  1.862 

4-  704 
2.906 
6.216 
4.194 
1.978 
8.051 

0.896 

0.337 
1.920 

0.159 
0.045 
0.000 
0.000 
0.000 
0.081 
0.958 
0.784 
5-727 

1.494 
0.037 
1.776 

2-  439 
1.604 
1.862 

4-705 
2.906 

6.135 

3-  ^36 
1.229 
2.324 

Total  for  year 

41.992 

13.114 

28.875 

40.620 

10.907 

29.747 

Data  of  Strea7?i  Floiv  in  Relation  to  Forests. 
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As  shown  by  the  table,  the  evaporation  loss  in  1867  was  28.875 
inches,  and  in  1868,  29.747  inches.  These  fi^nres  are  especially  inter- 
esting as  representing  the  total  evaporation  loss  from  a  catchment  basin 
with  an  annual  rainfall  of  from  40  to  42  inches.  They  may  be  instruc- 
tively compared  with  the  evaporation  data  of  Genesee  river  given 
further  on. 

Combined  Evaporation  of   Soil  and  Growing  Plants. — The 

foregoing  extracts  from  Risler's  paper  Sur  V Evaporation  du  Sol  and 
the  accompanying  table,  serve  to  illustrate  the  combined  evaporative 
effect  of  soil  and  grownng  plants.  B}^  way  of  illustrating  why  plants 
contribute  powerfulh.'  to  increase  evaporation,  we  may  refer  to  the  fol- 
lowing data  from  Durand-Claye  giving  the  relation  between  the  evapor- 
ating surface  of  a  number  of  agricultural  crops  and  the  unit  area  of  the 
soil  on  which  they  grow  : 

Potatoes,  6.88  Wheat  10.95 

Lucerne,   7.02  to  12.40  Grass,  12.40 

Rye,  6.50  to   8.24  Clover,  16.36 

Indian  corn,  8.00  to  22.40  Grape  vines,  4.94 

Branching  cabbage,  8.00  Oak  trees,  9.00 

Oats,  9. II  Fir  trees,  ii-75 

Consumption  of  Water  by  Growing  Agricultural  Crops. — In  a 

paper,  Recherches  sur  V Evaporation  du  Sol  et  des  PlaJites,  Risler  has 
given  the  results  of  further  experiments  at  his  estate  in  Switzerland, 
extending  considerably  the  data  of  the  paper  already  cited,  his  experi- 
ments being  carried  out  specially  with  reference  to  ascertaining  the 
mean  daily  consumption  of  water  by  growing  agricultural  plants,  as 
well  as  by  vineyards  and  two  kinds  of  forests.^ 

Tlie  following  matter  relating  to  Risler's  experiments  is  condensed 
from  Ronna's  Les  Irrigations  : 

"  By  way  of  confirming  the  results  of  investigations  as  to  the  water 
consumed  by  growing  plants,  etc.,  carried  out  at  the  Agricultural  Ex- 
periment Station  of  Rothamsted,  England,  Risler  has  .shown  the  dif- 
ferent methods  employed  by  him  in  1867  and  1868.  By  a  continuation 
of  these  experiments  in  1869-72,  he  has  shown  the  mean  daily  con- 


^  Risler's  experiments  as  detailed  in  the  two  papers  cited  may  be  taken  as  classi- 
cal. In  the  author's  opinion  they  are  the  most  tliorough  determinations  thus  far 
made.  They  are  quoted  with  approbation  by  Durand-Claye  in  his  Hydraulics 
Agricole  et  Genie  Rural,  and  by  Ronna  in  his  recent  work,  Les  Irrigations,  and 
by  other  foreign  writers.  They  have  also  been  quoted  by  various  American  writers, 
but  so  far  as  known  to  the  author,  the  original  papers  have  not  been  much  studied 
in  this  country. 
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sumption  of  water  by  lucerne,  wheat,  oats,  clover,  meadow  grass,  etc. 
One  of  his  interesting  conclusions  is  that  winter  wheat  would  have  con- 
sumed daily,  from  April  to  July,  1869,  o.  10  of  an  inch  of  water  per  day 
for  1 01  days,  or  over  10  inches  for  the  growing  season.  The  experi- 
ments on  water  content  of  soil  show  that  for  the  year  1869,  the  crops 
must  have  taken  a  small  amount  of  water  from  the  ground  which,  with 
the  rainfall,  was  sufficient  to  i^roduce  a  satisfactory  crop  for  the  meteor- 
ological conditions  prevailing  that  year.  .  .  .  . 

For  oats  there  was  needed  in  1870,  according  to  Risler,  a  quantity  of 
water  250  times  the  weight  of  dry  material  contained  in  the  crop.  In 
1871,  clover  transpired  263  units  of  water  to  j^roduce  one  unit  of  dry 
substance,  and  English  ray-grass  545  units  of  water  for  one  unit  of  hay 
containing  15  per  cent,  of  water.  For  this  last  the  quantity  of  water 
corresponds  to  0.276  inches  in  depth  ])er  day. 

"  Risler  observed,  furthermore,  that  following  rains  or  wettings, 
transpiration  of  plants  increases,  gradually  diminishing  in  proportion  as 
dryness  increases,  other  conditions  remaining  equal.  When  the  water 
given  off  by  the  leaves  is  less  than  that  taken  up  by  the  roots,  growth 
is  active,  while  under  the  contrary  condition,  plants  wither. 

"In  a  general  way,  the  consumption  of  water  by  plants  is  more 
regular  in  clay  .soils  than  in  sandy.  Hellriegel  states  that  in  a 
sandy  soil  plants  begin  to  suffer  from  drouth  when  the  soil  does  not 
contain  more  than  2.5  per  cent,  moisture.  Risler  finds  that  the  ap- 
proximate limit  for  clay  soils  is  10  per  cent.,  although  in  clay  .soil  part 
of  the  water  escapes  absorption  by  tlie  roots. 

"Taking  as  a  basis  the  observations  made  on  the  crops  raised  at 
Caleves,  Risler  expresses  the  mean  daily  consumption  of  water  as  a 
depth  on  the  cropped  area,  as  follows  : 

Meadow  grass  requires  from  0.134  to  0.267  inches. 

Oats   "  "   0.140  to  0.193  " 

Indian  corn  "  "   o.  no  to  0.157  " 

Clover   "  "   0.140  to  "  ' 

Wheat   "  "   0.106  to  o.iio  " 

Rye   "  "   0.091  to  " 

Potatoes   "  "   0.038  to  0.055  " 

Vineyards   "  "   0.035  to  0.031  " 

Oak  trees   "  *'   0.038  to  0.035  " 

Fir  trees   "  "   0.020  to  0.043  " 

"  Risler  determined  the  consumption  of  water  on  a  meadow  of 
one  hectare  (2.47  acres)  of  very  thickly  turfed  English  ray-grass  as 
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281  millimeters  (11.06  inches),  amounting  to  a  daily  depth  of  0.267 
inches.  This  consumption  applies  to  a  meadow  well  provided  with 
water  during  the  warmest  season  of  the  year.  The  experiments 
showed  that  on  cloudy  days  evaporation  was  reduced  to  about  one- 
fourth  of  the  mean,  that  is,  to  0.069  inches  per  day. 

"In  Switzerland  the  fields  begin  to  grow  green  the  latter  part  of 
March,  and  the  hay  harvest  occurs  in  June  ;  hence  the  growth  of  the 
plant  takes  place  in  April  and  May.  The  amount  of  the  hay  crop, 
the  rainfall  and  mean  temperature  during  these  months  in  the  six 
years  from  1866-72,  as  observed  by  Risler,  are  given  in  the  accompany- 
table,  which  is  generally  self-exlpanatory.  The  point  is  brought  out 
very  forcibly  by  Risler' s  experiments,  that  hay  crops  depend  more  on 
the  quantity  of  rain  than  on  temperature  ;  thus,  in  1867,  when  the 
temperature  of  the  two  months  was  the  lowest,  but  the  rainfall  high, 
the  meadows  yielded  abundantl}^  while  in  1868,  with  a  high  tempera- 
ture, and  medium  rainfall,  the  crop  was  satisfactory  because  the  .soil 
had  water  in  reserve,  the  drains  continuing  to  flow  until  the  end  of 
May  that  year.*' 


Ri.sler's  Experiments  on  the  Yiei.d  of  Meadows. 


Year. 

Yield  of  hay  per 
acre  in  pounds. 

Rainfall  in 
Inches, 

Dates  when 
Drains 
ceased  to  deliver 
Water. 

Temperature 
C°. 

In 
April 
and 
May. 

Mean 
per 
day. 

In 
April. 

In 
May. 

For  the 

two 
Months. 

1866    

1867   __. 

1868  

i869_  _   

1870  

1871    

3864 

3375 
2842 

2753 
1288 

2975 

9-533 
10.078 
4.248 

6.303 
1. 271 

3-864 

0.156 
0.165 
0.070 
0,103 
0.021 
0.063 

End  of  May. 

End  of  March. 
End  of  April. 

12.42° 
10.67 

9.00 
10.80 

9.80 
11.20 

13.70° 

13.11 

18.72 

15.67 
16.12 

13.91 

13.06° 

11.89 

13.86 

13-23 
12.96 
12.46 

12.91 

Means.        _  __ 

2849 

5.883 

0.096 

10.62 

15.20 

Transpiration  of  Plants. — This  division  of  the  subject,  while  di.s- 
cus.sed  extensively  by  the  great  botanical  writers  Von  Sachs,  Kerner 
and  Oliver,  and  others,  has  not  as  yet  been  reduced  by  the  botanists  to 
numerical  relations.  The  best  general  discu.ssion  of  the  how  and  why 
plants  transpire  water,  may  be  found  in  Kerner  and  Oliver's  Natural 
History  of  Plants,  where  every  phase  of  the  question  has  been  touched 
upon.  Reference  may  also  be  made  to  Von  Sachs'  Physiology  of 
Plants,  and  Bessey's  Botany,  where  various  facts  relating  to  the  gen- 
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Total 

Daily  Consump- 

Water 

tion  of  Water, 

inches. 

inches. 

_  ii.44-__ 

 0.109 

-  I3-25-- 

_          0.1 14 

12. OO 

 0. 114 

-  13-88. __ 

0.1^2 

._  15.12... 

  0. 103 

._  13.80.. _ 

 0.096 

-  I3-56--- 

 0.083 

-  17.95--- 

 0.109 

eral  subject  and  statements  of  experiments  are  given.  Bulletin  No.  7, 
Forestry  Division  of  the  U.  S.  Department  of  Agriculture — Forest  In- 
fluences— may  also  be  consulted.  Among  other  interesting  data  there 
given,  we  may  refer  to  Wollny's  experiments  on  water  transpiration  of 
agricultural  crops,  which  are  of  special  interest,  not  only  because  they 
are  tlie  most  recent  determinations,  but  because  of  verifying  the  earlier 
work  of  Risler.    They  are  as  follows  : 

Crop.  Growing  Period. 

Winter  rye,  April  20 — Aug.  3,  1879, 

Summer  rye,  April  20 — Aug.  14,  1880, 

Barley,  April  20 — Aug.  3,  1879, 

Peas,   " 

Oats,                             April  20 — Sept.  14,  1880, 

Beans,  April  10 — Sept.  10,  1880, 

Red  clover  ( 1st  season )  A])ril  20 — Oct.  i,  1879, 

Red  clover  ( 2d  season )  April  20 — Oct.  i,  1880, 

The  following  figures  of  water  consumj)tion  of  certain  plants  for  the 
growing  season,  computed  from  tlie  data  of  Hales,  Schleiden,  Schiibler 
and  Hohnel  and  others  are  also  mostly  derived  from  Bulletin  No.  7  on 
Forest  Influences,  certain  apparently  incongruous  data  there  given 
being  omitted  : 

Total  use  Water 
Plant.  of  water  per  day 

inches.  inches. 

Sunflower,   15.2    <^-i30 

Cabbage,   14.4    0.120 

Vineyard,   4.0    0.030 

Hop  vine,   5.6    0.050 

Clover  and  oats  (mixed)   12.7    0.098 

Grass,    14.0    0.080 

Beech  trees,   9.2    0.050 

Mixed  forest,   3.8    0.021 

White  poplar,   7.7    0.051 

Long  grass,   40.7    0.166 

Short  grass,   27.4    0.112 

The  figures  for  long  grass  and  short  are  based  upon  the  determina- 
tions made  at  Enidrup,  Denmark,  as  cited  by  Beardmore,  and  include 
the  months  from  March  to  October,  inclusive. 

Elaborate  investigations  on  transpiration  of  forest  trees  were  made 
by  F.  B.  Hohnel  at  the  Austrian  Experiment  Stations  in  1878,  an  ab- 
stract of  which  may  be  found  in  Bulletin  No.  7,  Forest  Influences. 
From  the  figures  there  given,  it  appears  that  forest  transpiration  from 
day  to  day  has  a  wide  range.  Thus,  a  birch  standing  in  the  open,  and 
having  200,000  leaves,  was  calculated  to  have  transpired  on  hot  sum- 
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mer  days  from  700  to  900  pounds  of  water,  while  on  other  days  not 
more  than  18  to  20  pounds.  A  35  year  old  beech  tree  with  3,000 
leaves,  was  computed  to  transpire  about  2.5  pounds  per  da}^  from  June 
to  November.  Assuming  that  1,600  such  trees  might  be  found  on  an 
acre,  the  total  transpiration  might  amount  to  about  600,000  pounds 
per  acre,  for  each  growing  season  of  150  days.  A  50  to  60  year  old 
beech,  with  35,000  leaves,  transpired  about  22  pounds  daily,  and  with 
500  such  trees  on  an  acre,  the  transpiration  for  150  days  would  amount 
to  1,650,000  pounds.  This  latter  figure  is  equivalent  to  7.28  inches  on 
ground  area. 

The  following  table  is  derived  from  Hbhnel's  data,  given  at  page  79 
of  Bulletin  No.  7,  Forest  Influences: 

Transpiration  for 

T^.  J    r  .  Relative  t^rowins^  season. 

Knid  of  tree.  ,         .    .  •  t  tf 

transpiration.  Inches  on 

ground  area. 

Ash   100.00    9.18 

Birch   90.2    8.18 

Beech   89.7    8.13 

Hornbeam  (Ironwood)   86.0    7.75 

Elm   80.8    7.32 

Maple   69.1    6.24 

Norway  maple   60.1    5.45 

English  oak   67.9    6.15 

Oak   48.3    4.37 

Aspen   94.2    8.54 

Alder   91.6    8.30 

Linden   86.8    7.87 

Larch^   123.3   1 1.17 

Norway  spruce   13.8    1.25 

Scotch  pine   11. 9    1.08 

Fir  (balsam)                                     9.2    0.83 

Austrian  pine                                   6.9    0.63 

The  foregoing  figures  give  an  average  transpiration  for  the  deciduous 
trees  mentioned  of  about  7.3  inches,  while  for  the  four  conifers  the 
average  may  be  taken  at  about  i  inch.^ 


^ This  is  probably  the  European  larch.  The  American  larch  (tamarack)  grows 
naturally  in  swamps  and  is  like  the  swamp  ash,  a  large  consumer  of  water.  Tam- 
arack is  however  a  slow  grower,  and  probably  11. 17  inches  per  year  is  a  large  figure 
even  for  a  swamp  habitat. 

^In  the  original  table  from  which  these  data  are  derived,  the  results  are  in  kilo- 
grammes evaporated  per  100  grammes  of  dry  leaves.  The  data  stated  in  this  form 
not  furnishing  any  basis  for  practical  computation,  in  order  to  reduce  them  to 
inches  on  the  ground  area,  the  percents  have  been  computed  by  assuming  ash  at 
100,  and  the  transpiration  of  the  other  species  as  proportionate  to  the  number  of 
kilogrammes  per  100  grammes  of  dry  leaves  ,  in  this  way  obtaining  the  second  col- 
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As  shown  by  all  the  recent  experiments,  evaporation  from  the  surface 
of  ])lant  foliage  is  much  less  rapid  ]ier  unit  area  than  from  water  sur- 
faces. An  extended  discussion  of  why  this  is  so  is  given  by  Kerner 
and  Oliver  in  their  Natural  History  of  Plants.  As  shown,  however, 
by  the  data  on  page  —  the  area  of  foliage  is  much  greater  than  the 
ground  area  on  which  the  plant  stands,  in  the  case  of  Indian  corn  the 
increase  in  area  amounting,  as  a  maximum,  to  22.4  times  the  ground 
area.  It  is  because  of  this  innnense  transpiring  or  evaporating  .surface 
that  some  plants  throw  off  more  water  than  can  be  evaporated  from  the 
ground  area  on  which  they  stand. 

Experiments  of  Baldwin  Latham. — Baldwin  Latham,  the  great 
English  Sanitary  Engineer,  has  stated  '  that  beginning  in  June,  1870, 
he  discharged  sewage  upon  a  definite  area,  planted  with  ray-grass,  at 
the  Beddington-Croydon  sewage  farm,  the  gra.ss  being  so  placed  in  a 
water-tight  tank  six  inches  deep,  and  provided  with  suitable  under- 
drains,  with  means  of  collecting  the  runoff  of  the  drains,  that  definite 
results  could  be  obtained.  From  June  18,  1870  to  June  12,  1871, 
a  period  of  360  days,  during  which  time  20.03  iiiches  of  rain  fell,  the 
water  evaporated  from  a  square  yard  of  surface  amounted  to  a  depth 
of  186.3  inches  over  the  area  in  a  year.  Experiments  on  another  plat 
during  the  year  1871-72,  gave  for  a  period  of  370  days,  with  a  rainfall 
of  24.98  inches,  a  total  application  of  water  amounting  to  a  depth  of 
Q1.2  inches  over  the  area.    These  experiments  indicate  what  large 

umn  of  the  table.  Inches  on  the  watershed  liave  been  computed  from  the  data  as 
to  beech  trees,  assuming  the  transpiration,  for  the  growing  season,  of  the 
average  beech  tree  at  8.13  inches  on  the  ground  area,  the  other  transpiration  depths 
being  made  proportionate.  The  results  in  this  form  are,  of  course,  only  approxi- 
mate, but  are  interesting  as  verifying  previous  data.  In  any  case,  it  should  be 
borne  in  mind  that  with  the  infinite  variations  of  climate  and  soil,  such  data  are, 
and  must  ever  remain,  more  or  less  approximative.  These  data  are  also  given  by 
Mr.  Nisbett  in  his  recent  work,  Studies  in  Forestry,  but  with  figures  differing 
somewhat  from  those  in  Bulletin  No.  7.  In  the  absence  of  Hohnel's  original  pa- 
per the  author  has  no  means  of  determining  which  set  is  right.  In  any  case  these 
figures  are  merely  given  for  illustrative  purposes,  and  slight  variations  do  not  there- 
fore especially  affect  the  final  results. 

Moreover  it  may  be  pointed  out  that  "  inches  on  the  ground  area  "  of  this  table 
are  computed  on  the  supposition  that  all  forests  have  the  same  density  as  the 
assumed  typical  beech  forest.  As  a  matter  of  fact  the  density  of  different  forests 
will  vary  greatly,  the  average  being  less  than  the  beech.  On  this  basis  the  figures 
for  inches  on  the  ground  area  are  undoubtedly  somewhat  in  excess  of  the  truth. 

^In  discussion  of  Mr.  O'Meara's  paper  "On  the  Introduction  of  Irrigation  in 
New  Countries,  as  Illustrated  by  Northern  Colorado."  Proc.  Inst.  C.  E.,  Vol. 
LXXIII  (1893). 
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-quantities  of  water  maj^  be  evaporated  by  grass  crops,  provided  a  full 
supph'  is  furnished. 

Evaporation  from  Long  and  Short  Grass. — Observations  as  to 
the  evaporation  from  grass  crops  have  been  made  at  Emdrup,  Den- 
mark.^ According  to  these  observations  the  mean  evaporation  from  a 
water  surface  for  a  period  of  ii  years  was  27.9  inches.  The  mean 
•evaporation  from  short  grass  for  a  period  of  8  years  was  30.1  inches, 
while  for  long  grass  for  a  period  of  8  years  the  mean  evaporation  is 
:given  at  44.0  inches.  Inasmuch  as  these  interesting  tabulations  may 
be  readily  referred  to  in  Beardmore's  Hydrology,  they  are  not  repro- 
duced here. 

MISCELLANEOUS  DATA. 

In  the  foregoing  chapters  we  have  indicated  .some  of  the  more  im- 
portant divisions  of  the  subject,  with  brief  citations  of  illustrative 
material.  In  the  present  chapter  certain  further  data  of  value  will  be 
introduced. 

According  to  determinations  made  by  N.  B.  King  at  the  Wisconsin 
Agricultural  Experiment  Station,  barley  requires  from  12.19  inches  of 
water  to  23.52  inches;  oats  from  19.00  to  19.69  inches;  corn  from 
25.00  to  26.39  inches  ;  clover,  29.73  inches  ;  and  pease  26.89  inches.* 

Experiments  on  the  same  general  lines  as  Ri.sley's  have  also  been 
made  at  the  Iowa  Agricultural  College.^ 

Number  of  Trees  on  an  Acre. — According  to  Hohnel,  in  a  forest 
of  50  to  60  year  old  beeches  there  may  be  as  many  as  500  on  an  acre, 
or  there  would  be  a  tree  to  every  87  square  feet,  each  tree  occupying, 
then,  a  square  of  9.4  feet  per  side.  For  a  35  year  old  beech  forest, 
Hohnel  states  the  possible  number  at  1,600  per  acre,  which  would  allow 
27  square  feet  per  tree,  or  each  tree  occupies  a  square  with  side  length 
of  5.2  feet.  By  way  of  showing  the  numl)er  of  large  trees  on  an 
average  acre  of  Adirondack  forest,  we  may  cite  tlie  following  table  from 
Mr.  Pinchot's  The  Adirondack  Spruce.  The  table  gives  the  average 
number  of  trees  per  acre,  percentage  of  each  species,  and  average 
diameter  of  all  sound  trees  over  10  inches  in  diameter,  breast  high,  as 
determined  from  extended  measurements  averaged  over  1,046  acres  : 


^  See  Beardmore's  Manual  of  Hydrology,  p.  296. 

'  Refer  to  Ninth  An.  Rep'tWis.  Ag.  Experiment  Sta. ,  p.  96. 

'  Refer  to  Bulletin  No.  32  of  the  Iowa  Agricultural  College  Experiment  Station, 
1896. 
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Name  of 
Species. 


Average  number 

of  trees 
per  acre. 

Spruce,  31.40  

Birch,   14.00  

Beech,   10.00  

Hard  maple,    6. 10  

Hemlock,   4.60   

Balsam,   4.20   

Soft  uiaple,   2.60  

White  pine,   0.18  

Ash,   o.  16  

Cedar,     0.12  


Per  cent 

of  each 
species. 

_  42.77  

_  19.06  

_  13.62. __.  

.  8.30  

_  6.26  

_  5.72  

_  3.54  

.  0.24  

_    0.22   12.9 

.    0.16   14.5 


Average  diam„ 
breast  high 
inches. 

---  13-0 
___  17. 1 

—  13-2 
13-9 

.__  16.7 

.__  II. 4 

—  13.6 
___  18.4 


Cherry,   0.08   o,  11     15.3 

Average  and  total, __  73.44  100.00   14.5 

In  the  following  table,  also,  from  Mr.  Pinchot's  book,  we  have  a 
statement  of  the  average  number  of  trees  of  small  diameter,  other  than 
sprnce,  as  derived  from  measnrements  of  12  square  acres  : 


DiA 

MICTKK 

BrKAST- 

HIGH 

IN  INC 

HES. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

AVKRAG?:  NUMBKR  OF 

Tre 

ES  PER 

Acre. 

Birch,  

-  5-3 

--  5-2 

4.«  - 

_  2.8 

3-1  - 

_  1.9 

1.6  __ 

1.8  _ 

-  1-3 

__27.6 

Beech  

_i  1.2 

__I  i.o 

6.8  _ 

.  4-8  - 

5-4  - 

_  4-1  -- 

3-4  -- 

3-3  - 

-  2.7 

-52.6 

Hard  Maple, 

_  I.I 

1.9 

1-3  - 

_  2.0  __ 

2.4  - 

-  2.5  _. 

2.3  - 

2.0  _ 

_  2.0 

__i7.6 

Hendock,  

_  0.4 

1-4 

_.  1.4  - 

_  1.8  _. 

1.7  - 

.  0.4 

0.8 

0.3  - 

_  0.6 

-  8.7 

Balsam,  

_ii.6 

__I4.2 

-12.3  _ 

.  8.1  __ 

6.5  - 

-  4-3 

3-3  -- 

1.8  _ 

-  1.6 

--63.6 

Soft  Maple_. 

-  0.5 

0.4 

--  0.5  _ 

-  0.3  __ 

0-3  - 

-  0.3 

0. 1  __ 

0.6  _ 

.  0.6 

--  3-4 

Pine,  

__  0.08 _ 

-  0.08. _ 

_.  0.2 

Ash.  

_  o.oS 

0.17 

0.9  _ 

-  0.5 

0.8  _ 

_  1.7 

0.9 

0.5  - 

-  0.5 

6.1 

Cherry,  

o.o8_ 

0.08. 

__  0.2 

Total. 


30.1    --34.3   --28. T    _.20.2   _.20.2   --I5.3   __I2.4  __I0.2   __  9.2 

By  way  of  showing  the  reasonableness  of  the  proposition  that  forests 
do  really  consume  much  less  water  than  agricultural  areas  and  that  per 
con.sequence,  the  runoff  from  forested  areas  will  be  considerably  larger 
than  from  farming  areas  with  the  same  rainfall  we  may  cite  the  follow- 
ing data  from  Mr.  Pinchot's  book,  as  to  rate  of  growth  of  forest  trees, 
from  which  it  will  be  seen  that  the  growth  of  trees  in  forests  is  very 
slow,  the  yearly  addition  of  woody  material  being  apparently  much 
less  than  for  well  farmed  crops  in  agriculture.  Assuming  the  truth  of 
this  proposition,  a  very  strong  argument  is  at  once  obtained  as  to  why 
forests  need  less  water  than  farm  areas. 

The  following  table  gives  the  rate  of  growth  in  diameter,  of  several 
species  acttially  associated  in  the  Adirondack  forest,  as  determined 
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by  careful  nieasnrements  in  Ne-Ha-Sa-Ne  Park,  where  all  of  Mr. 
Pinchot's  studies  have  been  made  : 


,y      ,        r  .  Number  of  years 

Number  oi  Average  uired  to 

Species.  trees  diameter  "       •     i  • 

^  ,  .     ,  grow  one  inch  in 

measured.  inches.  °  ■,• 

diameter. 

Birch,   78   12.5    20 

Beech,    16    12.7    13 

Hard  maple   16   15.0   16 

Hemlock,   141    16.6   25 

Balsam,    63    10.5    13 

Soft  maple,   21    10.5    17 

Taking  into  account  the  foregoing  figures  of  Mr.  Pinchot,  as  to 
actual  number  of  trees  per  acre  of  average  Adirondack  forest,  it  seems 
tolerablv  clear  that  Hohnel's  estimates  of  from  500  to  1,600  small 
beeches  is  rather  large  for  average  Adirondack  forests,  although  for 
the  extremely  heavy  forests  of  Washington  and  Oregon,  and  some  of 
the  other  forest  producing  areas  of  the  United  States,  Hohnel's  figures 
would  probably  be  too  small.  As  furnishing  further  data  as  to  num- 
ber of  small  trees,  the  following  information  given  to  the  author  by  J. 
Y.  McClintock,  C.E.,  in  a  private  letter,  is  pertinent.  Mr.  Mc- 
Clintock's  measurements  having  been  made  during  the  last  two  years, 
in  connection  with  his  work  for  the  New  York  State  Forest  Preserve 
Board.    Mr.  McClintock  says  : 

"I  have  examined  the  .several  hundred  counts  made  by  me  in  the 
southerly  half  of  the  Adirondack  forest,  and  covering,  in  a  general 
way,  more  than  one  hundred  thousand  acres.  Without  averaging 
them  all  I  find  that  84  different  acres  scattered  over  the  McComb 
Purchase,  Moose  River  Tract,  Vrooman  Patent,  Arthursboro  and 
Remsenburg  Tracts,  etc.,  give  an  average  of  383  small  trees,  from 
less  than  10  inches  down  to  about  i  inch.  I  have  included  in  these 
counts  anything  which  had  any  probability  of  ever  growing  into  a  tree. 
Twenty-six  counts  on  the  Arthursboro  Tract  averaged  446  small  trees 
per  acre,  while  Township  No.  10,  Moose  River  Tract,  with  several 
hundred  counts  in  all  parts,  averages  437  small  trees  per  acre.  From 
this  I  judge  that  a  fair  general  average  of  the  North  Woods  is  about 
400.  In  addition  to  this  growth,  I  wish  to  remind  you  of  the  prevalent 
underbrush,  often  dense,  particularly  of  witch  hopple,  which  over 
large  areas  frequently  covers  the  whole  ground  with  its  broad  leaves  ; 
also  of  the  less  important  sarsaparilla,  nettle,  moonshine,  tansy,  fire- 
weed,  ground  hemlock,  smartweed,  steeple  bush,  spignet,  raspberry, 
blackberry,  ferns,  and  others.     Some  of  these  do  not  thrive  in  the 
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dense  woods,  but  all  assist  in  clothing  the  surface  with  vegetation. 

The  mosses  are  a  feature  of  the  vegetable  growth  in  the  woods,  and 
the  thick  grasses  in  the  extensive  beaver  meadows." 

Mr.  McChiitock's  observations,  as  briefly  detailed  in  the  foregoing,, 
are  interesting,  as  coming  from  a  man  who  recently  tramped  many 
hundred  miles  in  tlie  Adirondack  forests  of  New  York. 

The  Relation  between  Rainfall  and  Runoff. — In  order  to  deter- 
mine the  relation  between  rainfall  and  runoff  in  cases  where  both  rain- 
fall and  runoff  data  are  available  for  a  .series  of  years,  it  is  the  author's, 
custom  to  write  the  rainfall  witli  the  corresponding  runoffs  in  a 
descending  series,  without  reference  to  the  sequence  of  the  years,  and 
plot  therefrom  a  curve  with  rainfalls  as  abscissas,  and  runoffs  as  ordi- 
nates,  thus  constructing  what  may  be  termed  tlie  runoff  curve  for  each 
stream.  On  drawing  such  a  curve,  we  find  tliat  as  in  other  similar 
ca.ses,  the  runoff  for  tlie  given  rainfalls  gr<jup  themselves  above  and 
below  the  curve,  the  extent  of  the  departures  from  a  true  curve  depend- 
ing upon  the  accuracy  of  the  data.  If  there  are  wide  variations,  we 
may  conclude  that  there  are  large  errors,  either  in  the  rainfalls  or  run- 
offs, or  both.  If,  on  the  contrary,  the  points  all  fall  very  nearly  in  the 
curve,  we  are  justified  in  assuming  the  e.s.sential  accuracy  of  the  data. 
Judged  by  this  standard,  the  rainfall  and  runoff  data  of  Hud.son  and 
Genesee  rivers,  as  given  below,  are  exceedingly  accurate.  Indeed, 
from  this  point  of  view,  they  give,  so  far  as  the  author  is  aware,  more 
nearly  the  true  values  than  any  extended  set  of  gagings  from  .so  large 
areas  thus  far  made.  The  following  are  the  rainfalls  and  runoffs  of 
Hudson  river  for  the  ii  years  from  1888-98,  inclusive,  arranged  in  the 
order  of  the  magnitude  of  the  rainfall  : 

HUDSON  RIVER. 

Year.  Rainfall.  Runoff. 

1892    53.87   33.08 

1890   50.35   28.56 

1898  ^  48.30   27.65 

1897  46.51   26.19 

1896  45.21   23.65 

1888  43.92   23.64 

1891   42.96  '   20.56 

1889  42.96  ^  21.71 

1893   42.18   21.91 

1894  41.37   19.37 

1895  36.67   17.46 


^  Probably  42.96  inches  rainfall  for  1889  is  only  app.oximately  correct.  Data  in- 
complete. 
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For  Genesee  river  these  data  take  the  following  form  : 

GENESEE  RIVER. 

Year.  Rainfall.  Runoff. 

1894   47.79   19.38 

1890   47-54   21.22 

1898   42.50   15.13 

1892   41.69    15.42 

1896   40.68    13.35 

1893   39.30    13.35 

1891    38.12    14.05 

1897   34.39    9.38 

1895   31.00    6.67 


Comparison  of  these  two  series  will  show  that  Hudson  river  data  are 
somewhat  better  than  Genesee.  In  explanation  of  the  foregoing 
tables,  it  may  be  remarked  that  continuous  daily  gagings  of  the  Hud- 
son river  have  been  made  at  Mechanicville,  where  the  drainage  area  is 
4,500  square  miles,  from  October,  1887,  to  the  present  time.  It  is 
from  these  gagings  that  the  Hudson  river  data  have  been  derived. 

Gagings  of  Oatka  creek,  a  tributary  of  Genesee  river,  were  made  at 
Warsaw,  New  York,  where  the  drainage  area  is  27.5  square  miles,  from 
April,  1890,  to  December,  1892.  The  Genesee  river  itself  was  gaged 
at  Mount  Morris,  where  the  drainage  area  is  1,070  .square  miles,  from 
September,  1893,  to  November,  1896,  inclu.sive.  Gagings  of  Gene.see 
river  have  also  been  made  at  Rochester,  where  the  drainage  area  is 
taken  at  2,365  square  miles,  from  March,  1893,  to  the  present  time. 
It  is  from  these  several  gagings  of  Genesee  river  and  its  tributary 
Oatka  creek,  that  the  herein  given  data  of ♦  Genesee  river  runoff  are 
derived. 

By  way  of  .showing  the  probable  accuracy  of  these  data,  we  may  con- 
sider the  following  tables  applying  to  Hud.son  and  Gene.see  rivers  :  ^ 


'  The  data  embodied  in  these  tables  have  been  partially  given  in  a  paper  On  the 
Application  of  the  Principles  of  Forestry  and  Water  Storage  to  the  Mill  Streams  of 
New  York  State,  read  before  the  American  Paper  and  Pulp  Association  at  its 
annual  meeting,  P'ebruary,  1899.  Since  preparing  that  paper,  the  author  has  been 
able  to  extend  and  correct  the  data  somewhat. 
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HUDSON  RIVER. 
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Variation 
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-  44-94 

-19.58 

23.98 

-19.58 

21 .01 

+4-57 

19-54 

+  19-56 

—4-54 
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— 0.02 
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GENESEE  RIVER. 

Variation 
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Variation 
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.  42.50-- 

-    +2.17  — 

--  15-13--- 

._  +0.97-- 

_-  27.37 — 

-  -(-1.19 

Means. 
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On  comparing  the.se  two  tables,  it  appears  clear  that  the  water  yields 
of  these  two  streams  are  vastl}^  different.  In  searching  for  a  reason  for 
the  great  difference  which  appears,  the  author  is  disposed  to  assign  as 
a  principal  cause,  the  difference  in  forestration,  the  Hudson  area  being 
still  largely  in  forest,  while  the  Genesee  is  almost  totally  deforested, 
and  under  high  cultivation,  either  for  grain  farming  or  grazing.  Space 
will  not  permit  of  discussing  the  preliminary  data  already  given,  in  its 
application  to  these  two  drainage  areas,  and  the  author,  therefore,  con- 
tents himself  with  offering  the  suggestion  that  with  the  data  now  well 
before  you,  no  more  prolific  subject  for  a  thesis  could  be  selected  than 
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to  apply  these  data  to  an  exhaustive  discussion  of  these  two  catchment 
basins,  for  which  there  is  now  enough  runoff  data  to  permit  of  fairly- 
exhaustive  discussion.  It  is  hoped  that  some  of  the  young  gentlemen 
of  the  classes  here  represented,  may  find  this  a  useful  suggestion. 

By  way  of  comparing  the  rainfalls,  runoffs  and  evaporation  of  these 
two  drainage  areas,  the  following  tables  have  been  prepared  : 

COMPARISON  OF  RAINFALLS. 

Year  Rainfall  of  Rainfall  of  Difference 

Hudson  Basin.  Genesee  Basin. 

1890   50.35  47.54   +2.81 

1891   42.96   38.12   +4.84 

1892   53.87  41.69   4-12. 18 

1893   42.18  39.30   +2.88 

1894  41.37  47.79   —6.42 

1895    .__  36.67  31.00   +5-67 

1896    45.21   40.68   +4-53 

1897    46.51   34.39   +12.12 

1898  48.30  42.50   +5-8o 


Means. 


45.27  40.33. 


4.94 


COMPARISON  OF  RUNOFFS. 


1890 
1 891 
1892 

1893 
1894 

1895 
1896 
1897 
1898 


Year. 


Runoff  of 
Hudson  Basin. 


Runoff  of 
Genesee  Basin. 


Difference. 


28.56  21.22   7.34 

20.56   14.05   6.51 

33.08   15.42   17.66 


21.91  33.35. 

19.37   19.38. 

1746   6.67. 

23.63   12.80. 

26.19   9.38. 

27.65   I5.i3_ 


Means. 


24.27. 


14.16. 


8.56 
— o.oi 
10.79 
10.83 
16.81 
12.52 

10. 1 1 


1890 
1891 
1892 

1893 
1894 

1895 
1896 
1897 


Year. 


COMPARISON  OF  EVAPORATION. 

Evaporation  of  Evaporation  of  nifFpr<-nrf^ 

Hudson  Basin.  Genesee  Basin.  umerence. 

 21.79   26.32   4.53 

 22.40   24.07   1.67 

 20.79   26.27   5.48 

 20.27   25.95   5.68 

 22.60   28.41   5.81 

 19.21   24.33   5.12 

 21.58   27.88   6.30 

 20.32   25.01   4.69 

 20.65   27.37   6.72 


Means. 


2T.07   26.18. 


5. II 
4 
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In  September,  1897,  the  author  presented  a  popular  paper  On  Stream 
Flow  in  Relation  to  Forests,  before  the  American  Forestry  Association 
at  its  Nashville  meeting.  Some  elaboration  of  the  data  not  given  in 
this  paper  may  be  found  there.  Indeed  that  paper  may  be  especially 
consulted  for  an  illustration  of  practical  use  of  such  data  as  is  herein 
included. 

In  conclusion  the  deduction  may  be  tentatively  drawn  from  the 
foregoing  data  that  hardwood  forests  may  consume  from  about  five  to 
ten  inches  in  depth  of  water  over  the  ground  area  in  each  growing 
season.  Probably  from  6  to  8  inches  is  a  fair  average  for  deciduous 
forests  although  broad  leaved  forests  may  consume  somewhat  more. 
The  most  of  the  evergreens  are  small  water  consumers,  the  larch  being, 
however,  an  exception.  Spruce  and  pine  forests  apparently  require 
only  a  few  inches  on  the  ground  area  per  year.  In  order  to  insure 
enough  we  may  allow  them  from  4  to  6  inches  per  year. 

The  figures  .show  therefore  that  the  kind  of  forest  must  be  taken  into 
account  in  estimating  the  effect  on  yield  of  streams. 

As  regards  cultivated  crops  the  figures  show  demands  for  about  12  to 
15  to  18  inches  on  the  ground  area  for  cereals  and  grass  crops.  For 
vineyards,  and  hop  yards  the  tabulated  figures  may  be  increa.sed  by  at 
least  50  per  cent,  to  cover  evaporation  from  the  naked  soil  between  the 
plants,  thus  giving  about  8  to  1 1  inches  for  these  two  agricultural  crops. 
Everything  goes  to  show  that  for  grass  crops  the  consumption  of  water 
is  very  large,  clover  transpiring  from  13.6  inches  to  18.0  inches,  and 
grass  crops  even  more  than  this.  As  shown  by  the  experiments  of 
Baldwin  Latham,  Italian  ray-grass  will,  when  given  a  full  water  supply, 
use  up  in  one  year  several  times  the  average  annual  rainfall  of  this 
state. 

As  a  final  tentative  proposition  we  may  say  therefore  that  highly 
cultivated  farming  areas  will  consume  in  surface  evaporation  and  plant 
tran.spiration  from  two  to  three  times  as  much  water  as  average  de- 
ciduous forests,  and  from  three  to  five  times  as  much  as  average  ever- 
green forests.  In  mixed  forests  the  water  consumption  will  depend 
upon  the  relative  proportion  of  the  different  kind  of  trees. 
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BY  WILLIAM  M.  TORRANCE,  C.E.  '95,  MEM.  C.  E.  CLUB,  CLEVELAND,  O. 

To  a  large  extent,  the  modern  railway  depends  for  its  success  as  a 
business  enterprise,  on  its  Maintenance  of  Way  department.  On  the 
best  railways  this  department  is  under  the  supervision  of  civil  engi- 
neers of  established  reputation  and  great  ability  whose  business  it  is  to 
see  that  the  railway  company's  tracks,  buildings,  bridges,  etc.,  are 
properly  maintained,  or  as  nearly  so  as  may  be  done  with  the  funds 
placed  at  their  disposal  by  the  managers  of  the  road. 

The  civil  engineers  in  charge  of  the  maintenance  of  the  road  must 
not  only  be  good  civil  engineers  capable  of  solving  mathematical  prob- 
lems peculiar  to  such  work,  but  they  must  be  men  of  tact  and  judg- 
ment, in  order  to  successfull3^  carry  out  the  wishes  of  their  superiors 
with  the  raw  material — a  limited  supply  of  money  and  laborers — at 
their  disposal. 

It  is  not  the  intention  of  this  article  to  go  into  the  business  details  of 
a  Maintenance  of  Way  department  ofhce,  but  the  writer  will  present  a 
few  of  the  engineering  problems  such  as  need  attention  almost  daily  in 
the  successful  operation  of  maintenance  work.  In  the  case  of  nearly 
all  railroads  built  in  the  early  days  of  railroading  in  this  country,  the 
preliminary  construction  was  such  as  to  satisfy  merely  the  needs  of 
that  time  with  no  forethought  as  to  the  future.  The  rolling  stock  of 
the  road  consisted  of  light  locomotives  and  cars,  and  the  general  con- 
struction of  the  road  was  correspondingly  light.  Now,  in  order  to 
successfully  carry  on  the  increased  business  of  the  road,  heavier  loco- 
motives and  cars  are  being  used  than  could  have  been  contemplated  by 
the  original  builders.  The  speed  of  trains  has  also  increased  greatly 
during  the  past  few  years.  These  causes  render  it  necessary  for  the 
Maintenance  of  Way  department  to  rebuild  the  roadbed  of  better 
material  than  was  first  used,  by  .substituting  heavier  rails  and  first-class 
ballast.  New  bridges  must  be  built  in  many  places  to  carry  the  in- 
creased loads,  and  constant  watchfulness  must  at  all  times  be  used  to 
locate  that  part  of  the  property  of  the  railway  that  needs  the  most 
prompt  attemtion,  so  that  the  available  funds  of  the  department  may 
be  expended  in  the  manner  best  calculated  to  render  the  traffic  of  the 
road  free  from  accidents  and  to  make  all  the  property  of  the  road 
present  the  best  possible  appearance. 
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In  properly  maintaining  the  property  of  the  railway,  the  tracks  of 
road  furnish  naturally  the  chief  source  of  employment  for  the  main- 
tenance of  way  department.  When  renewed,  they  are  built  in  the 
best  manner  possible,  with  modern  heavy  rail  sections  and  modern 
switches  and  frogs,  and  the  arrangements  of  the  yards  at  the  various 
stations  are  made  matters  of  scientific  study.  When  the  main  line  is 
being  improved  by  replacing  rails  with  heavier  sections  and  the  new 
ballast  and  ties  are  being  put  in,  the  engineer  sees  to  it  that  the 
finished  road  will  have  the  best  possible  grade  line  and  alignment. 
Preliminary  profiles  and  tangent  lines  are  run  and  both  line  and  grade 
stakes,  on  established  lines  and  grades,  are  given  the  track  men  for  all 
that  portion  of  the  road — both  on  tangents  and  curves — then  being 
improved. 

Following  are  a  few  of  the  problems,  similar  to  actual  ones  in  main- 
tenance work  that  have  occurred  during  the  writer's  experience  as 
Assistant  Engineer  Maintenance  of  Way  of  the  Cleveland-Indianapolis 
Division  of  the  C.  C.  C.  &  St.  L.  Ry. 

TURNOUTS. 

A  turnout  consists  of  that  portion  of  the  track  where  one  track  leads 
out  from  another.  In  Fig.  i  is  shown  a  turnout  from  straight  track 
for  a  No.  8  rigid  frog  with  split  switch.  The  lead  of  the  frog  (the 
distance  from  point  of  switch  to  point  of  frog  measured  in  a  direction 
parallel  with  the  straight  track)  shown  is,  if  the  turnout  be  constructed 
so  that  the  curvature  of  the  lead  track  is  a  minimum,  71.47  ft. 
Herewith  is  the  algebraic  work  from  which  this  distance  is  obtained. 

The  switch  rail  shown  is  18  ft.  in  length  with  its  point  ^  in.  wide 
and  with  its  gauge  line  6  in.  from  the  gauge  line  of  the  other  rail  at 
its  heel.  The  frog  shown  is  10  ft.  long,  the  theoretical  point  (the 
point  where  the  two  gauge  lines  of  the  frog  intersect  each  other)  being 
3.33  ft.  from  the  toe  and  6.67  ft.  from  the  heel  of  the  frog.  The 
actual,  in.  wide,  point  of  the  frog  is  3  in.  toward  the  heel  from  the 
theoretical  point.  The  gauge  line  of  the  switch  rail  and  the  gauge 
lines  of  the  frog  are  straight  lines,  and  the  problem  becomes  that  of 
determining  the  proper  point  of  intersection  of  the  tangent  at  the 
switch  with  the  tangent  at  the  frog,  in  order  to  make  the  curvature 
uniform  between  the  heel  of  switch  and  toe  of  frog. 

The  angle  of  switch  tangent  with  straight  track  tangent  = 
-1    .50  _    o  ,v 
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The  angle  of  frog  tangent  =  angle  of  No.  8  frog  =  7°  09'. 

Frog  tangent  is  distant  from  tangent  of  straight  track  at  toe  of  frog 
4.71  ft,  (distance  between  gauge  lines  of  either  track  =  distance  be- 
tween center  lines  of  track  at  theoretical  frog  point)  less  [3.33  ft.  sin 
7°  09'  =  .42  ft.]  =  4.29  ft. 

Switch  tangent  is  distant  .50  ft.  from  straight  track  tangent  at  heel 
of  switch. 
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Therefore  distance  normal  to  straight  track  between  switch  tangent 

at  heel  of  switch  and  frog  tangent  at  toe  of  frog 
=  4.29 -.50  =  3. 79  ft. 

=  tangent  distances  of  curve  [sin  1°  32'  +  sin  7°  09'] 
=     "  "        "    "     [.02676 +  .  12447]. 

From  which  we  obtain 

Tangent  distance  =  379      .  15123  =  25.06  ft. 
Therefore  the  lead  of  the  frog  =  distance  between  actual  points  of 
switch  and  frog 

=  [18  +  25.06]  cos  1°  32'  +  [25.06  +  3.58]  cos  7°  09' 
=  43.05  +  28.42 
=  71-47  ft. 

The  curvature  in  the  turnout  is  found  from  the  data  we  now  have  to 
be  that  of  an  11°  16'  curve. 

Fig.  2  shows  a  turnout  for  No.  10  spring  frog  with  split  switch. 
The  proper  lead  of  this  frog,  following  the  same  method  as  with  No.  8 
rigid  frog,  is  80.81  ft. 

It  is  evident  that,  if  a  lead  be  used  shorter  than  the  theoretical  lead 
as  above  figured,  the  curvature  of  the  turnout  will  be  increased  toward 
the  switch,  and  if  a  lead  longer  than  the  theoretical  lead  be  u.sed  the 
curvature  will  be  increased  toward  the  frog. 

It  is  also  evident  that  the  proper  leads  for  frogs  depend  on  the 
lengths  of  the  frogs  and  switches  u.sed  as  well  as  on  the  di.stance  at 
which  the  heel  of  the  switch  is  set  from  the  other  rail. 

The  proper  lead  for  a  turnout  leading  from  a  curved  track  is  an  en- 
tirely different  p;:oblem,  as  the  switch  rail  will  most  likely  be  curved. 
If  the  direction  of  the  tangent  at  the  heel  of  the  switch  be  known,  how- 
ever, the  lead  of  the  frog  can  be  determined.  It  is,  however,  a  diffi- 
cult problem,  requiring  much  algebraic  and  trigonometric  work. 

In  setting  the  stakes  for  turnouts  it  is  usual  to  merely  mark  the 
center  line  of  the  track  at  the  actual  point  of  switch  and  the  center  lines 
of  each  track  at  the  actual  point  of  frog.  The  trackmen  will  then  put 
the  switch  and  frogs  in  positions  thus  indicated  and  put  in  the  remain- 
der of  the  turnout  without  stakes.  If  greater  accurac}^  of  alignment 
through  the  turnout  than  this  method  affords  is  desired,  the  curve 
between  the  switch  and  the  frog  can  be  staked  out. 

CROSSOVERS. 

A  crossover  is  a  short  piece  of  track  connecting  two  parallel  tracks 
and  consists  of  two  turnouts  and  a  short  piece  of  track  between  the 
frogs  of  the  same. 
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The  ordinary  rule 
for  determining  the 
length  of  track  be- 
tween the  two  frog 
points  of  a  crossover 
is  to  substract  two 
times  the  gauge  of  the 
track  from  the  dis- 
tance, center  to  center 
of  tracks,  and  multi- 
ply by  the  index  num- 
ber of  the  frog  used. 

Fig.  3  shows  a 
crossover  between  two 
tracks  i6  ft.  center  to 
center,  No.  lo  spring 
frogs  being  used.  The 
distance  between  the 
frog  points  by  the  rule 
given  above  would  be 
—  (16—9.42)  X  10  = 
65.8'. 

This  distance  is 
probably  all  right 
enough  for  practical 
use  in  .some cases  but, 
strictly  speaking,  the 
proper  distance  be- 
tween the  frog  points 
.should  be  64.83'.  This 
distance  is  oi^tained  as 
follows  : 

The  actual  distance 
from  the  center  line  of 
the  cro.s.sover  track  to 
the  center  line  of  either 
parallel  track  at  the 
actual  point  of  frog  is— 
4-71  _^  ^4.71 


cos  5  43 


+ 


4.75'  and  therefore  the  distance 


2        V  2 

normal  to  the  direction  of  the  parallel  tracks  between  the  points  on  the 
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center  line  of  the  cross- 
over track  opposite  the 
two  frog  points  is  i6  — 
(2  X  4.75)  =  6.50. 

The  angle  of  a  No.  10 
frog  is  5°43>^'  and  the 
tangent  of  this  angle  is 
. 10026 

6.50  10026  =  64.83'  = 
proper  distance,  measured 
on  line  parallel  with  di- 
rection of  parallel  tracks, 
between  actual  frog  points 
of  crossover.  Using  the 
lead  for  No.  10  frog  as 
80. 8 1 '  as  heretofore  deter- 
mined and  shown  in  Fig. 
2,  the  total  length  of 
crossover  is  226.45'. 

Fig.  4  shows  a  cross- 
over between  two  tracks 
16  ft.  center  to  center,  the 
lead  from  one  track  being 
that  of  a  No.  lO  spring 
frog  and  the  lead  from 
the  other  that  of  a  No.  8 
rigid  frog 

The  ordinary  rule  for 
determining  the  length  of 
track  between  the  two 
frogs  in  such  a  case  as 
this  is  to  multiply  the 
distance  center  to  center 
of  tracks  less  two  times 
gauge  distance  (4.71  ft.) 
by  the  half  sum  of  the 
two  frog  numbers.  This 
rule  would  give  for  the 
distance  between  frogs 
(16  —9-42)  X  9  =  59.22 
ft. 

With  frogs  as  shown, 
this  distance  should  be 
57.89   ft.  which   is  de- 
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•duced  as  shown  on  the  drawing  by  making  the  curvature  uniform  be- 
tween the  heels  of  the  respective  frogs. 

In  laying  out  crossovers  in  any  yard,  especially  if  the  parallel  tracks 
are  close  together,  care  is  taken  to  have  the  length  staked  out  strictly 
correct  as  otherwise  the  alignment  will  be  poor. 

Fig.  7  shows  a  yard  of  5  parallel  tracks,  13  ft.  center  to  center. 
Suppose  it  becomes  necessary  to  lay  out  in  this  yard  a  set  of  crossovers 
such  that  it  \\\\\  be  possible  for  train  movements  from  any  track  to  any 
other  track  shown  above  it,  if  movement  be  toward  the  right,  and 
from  any  track  to  any  other  track  shown  below  it,  if  movement  be 
toward  the  left. 

Suppose  also  that  it  is  desired  to  accomplish  these  possibilities  in  the 
shortest  possible  longitudinal  space  of  track.  To  accomplish  this  with 
•ordinary  track  material  No.  6  frogs  are  used,  as  shown  in  this  Fig.  7. 
A  customary  lead  for  a  No.  6  frog  is  56  ft.  which  in  any  actual  case 
varies  from  this  figure  according  to  results  obtained  in  the  same 
manner  as  the  No.  8  rigid  frog  lead  found  above,  and  the  total  length 
for  the  crossover  between  each  two  adjacent  tracks  is  found  to  be 
132.62  ft.  To  obtain  good  track,  switch  points,  facing  in  opposite 
•directions  should  be  at  least  10  ft.  apart  and  the  arrangement  shown 
in  the  figure  contemplates  the  use  of  this  distance  between  the  ends  of 
consecutive  crossovers. 

The  total  length  of  crossover  to  get  from  track  No.  i  to  track  No.  5 
by  this  arrangement  is  560.48  ft. 

Fig.  6  shows  an  arrangement  of  tracks  to  accomplish  the  same  ob' 
jects  in  a  much  shorter  space  using,  however,  the  same  frog  angle  as 
used  in  the  arrangement  just  discussed.  The  peculiar  feature  of  this 
arrangement  is  the  combination  slip  switch  and  crossing  frogs.  These 
combinations  are  a  comparatively  new  appliance  for  track  work  but 
already  they  are  being  used  extensively.  In  the  case  of  arrangement 
shown  on  Fig.  7  and  Fig.  6,  it  can  be  readily  seen  that  the  arrange- 
ment shown  on  Fig.  6  is  much  better  both  for  distance  saved  in  the 
total  length  of  crossover  for  the  whole  yard — nearly  200  ft. — and  in 
alignment  for  this  crossover.  For  if  a  train  were  to  pass  from  track 
No.  I  toward  the  right  to  track  No.  4  or  5  by  arrangement  shown  in 
Fig.  7  the  movement  would  be  very  irregular  and  therefore  necessarily 
slow  on  account  of  the  many  changes  in  direction  of  curvature  of  the 
crossover  ;  while  if  arrangement  shown  in  Fig.  6  be  used  there  are 
only  two  curves  to  traverse  in  any  case. 

The  arrangement  of  tracks  near  the  end  of  a  large  modern  passen- 
ger station  must  be  such  that  a  train  coming  toward  the  station,  from 
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an3'  of  the  tracks  leading  to  the  same,  can  have  the  option,  as  it  were 
of  an}'  one  of  several  tracks  in  the  station. 

It  will  nearly  always  be  desired  in  such  cases  to  obtain  this  option  in 
the  shortest  possible  longitudinal  space  of  track  from  the  end  of  the 
station,  and  the  crossover  arrangements  for  passing  a  train  from  one 
track  to  another  must  be  of  the  shortest  possible  length.  The  accom- 
panying cut,  taken  from  an  article  in  the  issue  of  Jan.  i  of  the  Illus- 
trated Buffalo  Express,  shows  one  end  of  the  new  Boston  Union  Station 
and  in  the  foreground  are  seen  a  number  of  these  combination  slip 
switch  and  crossing  frogs  in  actual  use  for  accomplishing  the  purpose 
outlined  above.  The  writer  has  had  no  opportunity  of  visiting  Boston 
since  the  erection  of  this  station,  but  it  is  probable  that  the  arrange- 
ment of  crossover  combinations  is  continued  back  toward  the  point  of 
view  of  the  picture  so  that  there  are  many  tracks  from  which  approach- 
ing trains  could  pass  to  an\'  track  in  the  station  trainshed. 

One  of  the  many  good  points  about  the  use  of  these  combinations,  is 
the  fact  that  a  train  passing  over  one  of  them  can  not  run  through  any 
of  the  four  switches  comprised,  as  all  four  are  operated  by  one  switch 
lever  and  the  tracks  passing  through  must  either  be  set  for  movements 
straight  ahead  in  all  cases  or  for  movements  to  turn  out  in  all  cases. 

TRACK  LADDERS. 

By  a  track  ladder  is  usually  meant  a  track  connecting  the  ends  of 
several  parallel  tracks  in  the  manner  shown  in  Fig.  5.  Some  such  an 
arrangement  is  always  necessary  at  the  end  of  a  switching  yard  in 
which  trains  are  made  up  or  divided. 

Fig.  5  shows  a  detailed  design  of  a  ladder  for  tracks  13  ft.  centers, 
being  connected  to  the  ladder  track  by  No.  8  frogs,  liaving  70  ft.  leads 
and  the  ladder  track  itself  being  connected  to  the  track  designated  as 
No.  I  by  the  same  kind  of  a  lead.  This  is  a  very  common  sort  of  a 
yard  and  the  writer  believes,  from  his  own  experience,  that  this  sort  of 
ladder  is  as  good  as  could  be  obtained,  as  it  leads  out  from  the  track 
designated  by  No.  i  at  as  sharp  an  angle  as  possible  consistent  with 
good  track  work  on  switches  and  frogs  (this  angle  is  9°  21'  which  is 
the  anti-sine  of  13  ft.,  the  distance  center  to  center  of  tracks,  divided 
by  80  ft.,  the  distance  between  consecutive  frogs  on  the  ladder)  and 
thus  allows  the  least  possible  amount  of  dead  track  [track  upon  which 
it  is  not  possible  to  stand  cars  and  allow  other  cars  to  pass  on  the  other 
tracks]  consistent  with  good  track  work. 

The  writer  has  in  mind  one  of  the  Cleveland  yards  of  one  of  the 
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large  railway  companies  entering  this  city,  in  which  the  ladders  are 
made  up  of  No.  lo  frogs  and  laid  at  the  angle  of  that  frog  (5°  43^') 
with  the  10  or  15  parallel  tracks  comprising  the  yard.  This  makes  the 
distance,  center  to  center  of  consecutive  frogs  along  the  ladder,  about 
ten  times  the  distance  center  to  center  of  parallel  tracks  or  about  130 
ft.  and  though  there  is  much  less  curvature  in  the  tracks  (being  only 
that  of  the  turnouts  themselves)  much  valuable  land  is  wasted  and 
much  useless  dead  track  exists  in  the  ladder  itself. 

The  problem  of  designing  the  ladder  shown  in  Fig.  5,  is  practically 
that  of  solving  the  triangle  ABC  and  the  equal  but  reversed  triangle 
D  E  G.  In  these  triangles  the  points  B  and  E  are  intersecting  points 
of  the  center  lines  of  the  tracks  of  the  yard  with  the  ladder  track. 
The  angles  of  these  triangles  are  respectively  ;  supplement  of  9°  21', 
the  angle  of  the  ladder  ;  7°  09',  the  angle  of  No.  8  frog  ;  and  2°  12', 
the  central  angle  of  the  curve  beyond  the  turnout  in  each  case.  The 
points  A  and  D  are  at  the  intersections  of  the  center  lines  of  the  tracks 
at  the  frog  in  each  case,  and  the  distance  A  E  or  D  E  is  \ 

4^j^  x  sin  86°^5i'  =  3^  68  ft. 
sin  7°  09' 

The  distance  E  C  or  E'  G  =  lo  ft.,  the  length  of  straight  track  allowed 
from  the  point  of  the  frog  towards  it  heel  +  ii.oi',  the  tangent  dis- 
tance of  the  2°  12'  of  10°  curve  =  21.01'. 

Therefore  the  side  of  the  triangle  A  C  or  D  G  =  58.69  ft.  From 
which  we  find  the  sides  A  B  and  B  C  or  D  E  and  6^  to  be  respec- 
tively 13.87  ft.  and  44.82  ft.  This  gives  us  the  distance  B  E  or  E  E' , 
which  is  23.81  ft.  and  therefore  enough  data  to  determine  the  position 
for  all  frogs  and  switches  from  the  point  B,  the  point  of  intersection  of 
the  center  line  of  the  ladder  with  the  center  line  of  the  No.  i  track. 

In  designing  ladder  tracks,  it  is  not  always  possible  to  choose  the 
angle  of  intersection  of  the  same  with  the  tracks  it  connects.  It  is 
often  necessar}^  to  use  a  much  larger  angle  than  that  shown  in  Fig.  5 
in  which  case  each  consecutive  two  tracks  or  even  three  tracks  must  be 
connected  before  joining  the  ladder  track,  as  there  will  not  be  room 
enough  on  the  ladder  track  for  turnouts  from  the  same  to  each  indi- 
vidual track.  The  writer  at  one  time  designed,  set  stakes  for,  and 
oversaw  the  construction  of  a  yard  of  15  tracks  in  w^hich  the  ladder 
track  made  an  angle  of  some  33°  with  the  yard,  the  consecutive  tracks 
being  18  ft.  center  to  center,  and  the  design  such  that  each  three  con- 
secutive tracks  were  connected  by  No.  8  frog  leads  of  70  ft.  each,  and 
thus  only  5  tracks  were  directly  connected  to  the  ladder  track  by  leads 
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of  the  same  kind  as  given  above,  the  distance  between  consecutive 
frogs  along  the  ladder,  being  about  95  ft.,  all  turnouts  being  from 
straight  track  and  the  curvature  outside  the  turnouts  in  all  cases  being 
that  of  10°  curves. 

TRACK  ALLIGNMENT. 

The  engineer  maintenance  of  way  of  any  railroad  will  usually  find 
that  the  allignment  can  be  materiall}^  improved  at  many  points  along 
the  road.  This  he  will  find  to  be  true  of  both  tangents  and  curves. 
The  eye  is  a  bad  judge  of  a  true  straight  line  or  of  a  regular  curve, 
and  no  matter  how  perfect  the  alignment  might  have  been  at  the  time 
of  construction  of  the  road,  and  no  matter  how  much  time  trackmen 
may  have  spent  trying  to  improve  the  line,  it  will  become  far  from 
perfect  in  the  course  of  a  few  years.  Usually,  however,  the  line  never 
was  perfect,  and  especially  is  this  the  case  on  long  tangents  which 
more  than  likely  were  originally  run  in  a  hurry  and  with  crude  instru- 
ments. It  will  also  be  found  in  most  cases  that  no  transition  curves 
were  ever  put  in  at  the  ends  of  the  curves. 

In  relining  track  on  any  section  of  the  road,  the  line  to  be  estab- 
lished and  staked  out  should  be  governed  by  either  the  tangents  or  the 
curves,  depending  on  the  predominance  of  the  one  or  the  other.  In 
either  case  the  track  should  be  surveyed  and  mapped  so  that  it  can  be 
readily  seen  in  just  what  shape  it  exists  at  the  outset,  and  so  that  on 
the  map  so  made  a  better  line  can  be  established  for  the  surveyor  to 
stake  out  for  use  of  trackmen  in  the  actual  work  of  relining  the  track. 
In  case  the  curves  predominate,  each  curve  or  set  of  curves  is  consid- 
ered separately,  and  the  best  arrangement  consistent  with  allowable  ex- 
pense is  determined.  Sometimes  the  whole  allignment  for  two  or 
three  miles  is  changed  so  as  to  decrease  the  number  of  curves,  and  also 
to  reduce  the  maximum  degree  of  curvature  to  be  found  on  same. 
This  is  often  done  where  the  original  road  followed  along  the  bed  of  a 
stream  and  where  the  location  first  chosen  for  the  road  followed  the 
winding  of  the  same.  In  such  cases  there  will  be  found  many  reverse 
curves  and  many  quite  sharp  curves.  By  carefully  mapping  such  a 
piece  of  track,  or  by  actual  observance  on  the  ground,  a  new  line  may 
be  found  possible  which  will,  at  the  expense  of  a  few  hundred  dollars 
for  grading  and  extra  right  of  way,  rid  the  road  of  many  bad  curves. 

In  case  the  tangents  predominate,  each  tangent  is  taken  separately. 
A  preliminary  straight  line  is  run  from  one  end  to  the  other  and  offsets 
to  this  line,  from  the  center  line  of  the  track  at  intervals  of  say  500  ft. 
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are  measured.  This  line  can  then  be  plotted  as  a  straight  line  on  a 
piece  of  profile  paper,  and  the  position  in  which  the  track  was  found, 
relative  to  it,  can  be  plotted  to  a  greatly  exaggerated  scale  by  the 
offsets  taken.  By  means  of  this  plat  it  can  readily  be  determined  what 
is  the  most  desiral^le  thing  to  do  in  establishing  the  line  for  the  tan- 
gent. Often  it  is  a  difficult  matter  to  run  the  preliminary  straight  line 
along  the  tangent.  When  possible  it  is  run  from  one  end  continuously 
to  a  constant  foresight  at  the  other.  Where  the  intervening  distance, 
or  where  an  intervening  rise  in  the  grade,  prevents  this,  the  best  plan 
is  to  range  in  with  the  transit  between  foresights  at  either  end  at  a 
point  midway  between  the  ends,  or  at  the  top  of  the  rise  in  grade  and, 
from  the  point  thus  found,  run  the  .straight  line  to  either  end.  The 
best  of  weather  is  necessary  for  this  kind  of  work,  clear  days  in  the 
coldest  winter  weather  being  preferable.  On  one  occasion,  in  this 
kind  of  weather,  the  writer  placed  a  foresight  above  the  top  of  a 
through  bridge  near  one  end  of  a  tangent,  8  miles  east  from  a  summit 
of  grade,  and  14  miles  east  from  the  west  end  of  the  tangent,  at  which 
point  also  a  large  foresight  was  erected.  The  instrument  was  then  .set 
up  at  the  sunnnit  of  the  grade  mentioned.  The  foresights  could  be 
plainly  seen  and  two  preliminary  lines  w^ere  run,  one  each  way  from 
this  summit  to  the  ends  of  the  tangent. 

In  the  case  just  cited  it  was  impossible  to  range  in  at  the  summit, 
between  the  foresights  at  the  ends,  as  there  was  an  angle  of  some 
minutes  in  the  track  at  this  summit,  which  would  make  the  ranging  in 
point  outside  the  cleared  right  of  way  of  the  road.  This  angle  was 
carefully  measured,  however,  for  purpose  of  plotting. 

After  all  the  tangents  in  this  section  of  the  road  have  been  deter- 
mined as  above,  curves  as  desired  can  be  run  in  between  the  same,  care 
being  taken  to  run  in  the  proper  transition  curves  at  the  ends  and  to 
properl}^  indicate  for  use  of  the  trackmen  ju.st  where  the  ends  of  these 
transition  curves  are  found  and  what  elevation  is  desired  on  the  curve 
between  same,  the  outer  ends  of  the  transition  curves  being  points  of 
no  elevation.  A  customary  rule  for  determining  the  length  of  a  transi- 
tion curve  is  to  have  the  elevation  change  ^  in.  in  each  rail  length  of 
30  ft.  so  that  it  will  have  a  length  of  60  ft.  times  the  number  of  inches 
elevation  desired  in  the  track,  on  the  curv^e. 

In  relining  track  it  is  always  desirable,  of  course,  to  vary  as  little  as 
possible  from  the  existing  line  and  there'  will  always  be  governing 
points,  such  as  crossings  with  other  railw^ays,  station  platforms,  etc.,  at 
which  it  is  undesirable  to  make  the  slightest  change.  When  such 
governing  points  come  on  long  curves,  a  rather  difficult  problem  con- 
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fronts  the  engineer.  The  curve  is  carefully  surveyed  and  notes  suffi- 
cient to  locate  points  on  track  center  line  at  short  intervals,  say  each 
ICQ  ft.,  along  the  whole  length  of  the  curve  are  taken.  Then  the  posi- 
tion of  the  point  of  intersection  of  the  curve  is  calculated  (assuming 
that  it  cannot  be  obtained  on  the  ground)  and  with  one  tangent  as  a 
base  line,  the  points  on  the  existing  track  center  are  located  by  lati- 
tudes and  departures  from  the  point  of  intersection  and  this  base  line. 
Then  various  curves  can  be  tried  on  these  tangents  and  the  latitudes 
and  departures  of  points  on  the  same  can  be  figured  and  compared 
with  the  latitudes  and  departures  of  the  same  points  as  existing  in  the 
track  as  found.  A  few  trials  will  suffice  to  determine  the  proper  curve 
to  fit  the  desired  conditions  and  data  for  running  in  the  curves  can  be 
compiled  from  existing  notes. 

The  writer  recalls  a  curve  of  some  92°  central  angle,  the  curvature 
being  about  that  of  a  5°  curve  which  he  was  required  to  relign  in  such 
a  manner  that  the  throw  should  be  very  little  at  any  point  and  none  at 
all  at  a  crossing  with  another  railway  that  occurred  on  the  curve.  He 
was  able  by  the  method  outlined  above  to  accomplish  these  objects 
with  little  trouble. 

INTERI.0CKING. 

Fig.  8  shows  an  arrangement  for  interlocking  a  crossing  such  as  a 
good  maintenance  engineer  is  able  to  design.  We  will  suppose  that 
the  engineer  enployed  for  the  east  and  west  line  marked  line 
finds  here  a  crossing  with  another  road  in  which  heavy  traffic  is  main- 
tained and  that  he  finds  on  his  own  line  a  passing  siding,  marked  east 
bound  passing  .siding,  on  the  drawing.  He  also  finds  that  the  other 
road  has  a  passing  siding  leading  out  toward  the  south  from  the  cross- 
ing. The  crossing  is  attended  to  by  a  watchman  who  is  provided  with 
an  arrangement  for  displaying  a  danger  signal  to  either  road  or  both 
roads  if  desired.  This  watchman's  duties  also  include  the  tending  of 
the  switches  immediately  at  the  crossing.  Under  this  arrangement, 
high  speed  for  either  line  is  dangerous,  as  the  signal  can  not  be  seen  at 
any  great  distance  and  the  faithfulness  of  the  watchman  is  in  any  case 
a  question  of  much  doubt. 

The  engineer  finds  also  the  need  of  additional  passing  siding  accom- 
modations at  this  point.  Therefore  while  providing  an  interlocking 
arrangement  for  protecting  the  crossing,  he  also  provides  additional 
passing  .siding  track  in  the  manner  known  as  a  "  Lap  Siding"  which 
arrangement  will  allow  two  trains  going  in  opposite  directions  to  wait 
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at  the  crossing  for  a  third  train  to  pass  in  either  direction  on  the  main 
track  and  then  allow  both  to  get  on  main  track  and  go  on  their  way 
without  waiting  for  each  other  and  wdthout  any  delay  in  closing 
switches  behind  them,  as  they  are  manipulated  from  the  interlocking 
tower. 

The  proper  designing  of  the  interlocking  for  such  an  arrangement  as 
shown  requires  considerable  study  on  the  part  of  the  maintenance 
engineer.  Trains  coming  from  any  direction,  must  be  protected,  and 
the  number  of  levers  in  the  interlocking  machine  must  be  reduced  to  a 
minimum  to  save  expense  in  installing  the  machinery. 

In  order  to  render  the  traffic  perfectly  safe  derailing  switches  are 
put  into  each  track  on  which  movements  of  trains  could  interfere  with 
those  on  an\'  other  track  and  the  design  contemplates  that  all  switch 
locks,  switches  derails  and  detector  bars  be  so  connected  with  the  inter- 
locking machine  in  the  tower  that  it  will  be  impossible  for  accidents  to 
happen  at  the  crossing,  unless  the  accident  be  that  of  a  train  running 
against  signals — and  hence  off  a  derailing  switch. 

The  design  of  the  machine  is  to  be  such  also  that  train  movements 
that  do  not  interfere  with  each  other  can  be  performed  at  the  same 
time, — as  for  example,  movements  from  the  west  bound  passing  siding, 
west,  and  from  the  east  bound  passing  siding,  east,  do  not  interfere  with 
each  other  and  the  machine  must  be  designed  so  that  the  locks, 
switches  and  signals  governing  these  two  movements  can  be  set  so  as 
to  allow  both  to  take  place  at  once. 

Below  is  presented  a  synopsis  of  the  arrangement  of  the  levers  of  the 
machine  such  as  to  set  the  various  locks,  switches,  signals,  etc., 
operated  by  the  machine  for  train  movements  in  any  direction.  On  the 
drawing  these  locks,  switches,  signals,  etc.,  have  been  numbered  by 
numbers  from  i  to  30.  We  will  suppose  these  numbers  to  represent 
the  numbers  of  the  levers  in  the  machine  which  operates  the  move- 
ments numbered,  although  in  actually  installing  the  interlocking,  this 
numbering  would  no  doubt  be  changed  for  sake  of  simplicity  of 
arrangement  of  locking  device  in  the  machine.  The  drawing  shows 
the  normal  positions  for  all  devices — the  signals  all  being  set  vertical, 
i.  e.,  danger  position,  the  derailing  switches  all  being  set  for  derail- 
ment, and  in  the  tower  all  levers  of  the  machine  being  thrown  back. 

LEVER  MOVEMENTS. 

No.  I.  To  change  the  machine  from  normal  position  to  allow  train 
movements  on  main  track  line  "  A  "  toward  the  east. 
5 


66  Association  of  Civil  Engineers  of  Cornell  University . 


lycver  No.  23,  to  throw  crossing  bars  to  make  sure  no  cars  are  stand- 
ing on  either  track  at  the  crossing. 

Lever  No.  12,  to  unlock  the  deraihng  switches,  east  and  west  on 
main  track. 

Ivcvers  No.  10  and  No.  1 1 ,  to  close  these  derails. 

Lever  No.  3,  to  signal  the  train  that  track  is  set  for  it  to  pass. 

Lever  No.  i,  to  serve  the  same  purpose  as  lever  No.  3,  but  the  signal 
No.  I,  being  at  a  greater  distance  from  the  crossing  than  signal  No.  3, 
is  necessary  in  order  to  maintain  high  speed,  as  the  locomotive  driver 
can  see  it  at  a  much  greater  distance  from  the  crossing. 

No.  2.  To  change  from  normal  position  to  allow  train  movement  on 
main  track  line  "  A  "  toward  the  west. 

Levers  Nos.  23,  12,  10  and  11  as  before. 

Lfevers  Nos.  28  and  30,  to  signal  the  train  that  track  is  set  for  it 
to  pass. 

If  the  track  had  previously  been  set  for  movements  on  main  track 
east  as  given  under  No.  i,  to  obtain  position  No.  2  it  would  only  be 
necessary  to  throw  back  levers  No.  i  and  No.  3  and  pull  out  levers  No. 
28  and  No.  30,  the  setting  for  the  track  being  the  same  in  both  cases. 
Of  course  the  locking  of  the  machine  is  such  as  to  prevent  levers  2& 
and  30  from  being  pulled  out  to  signal  a  train  from  the  east  until  levers' 
Nos.  3  and  i  are  thrown  back  to  normal  to  prevent  signaling  trains 
from  the  west. 

No.  3.  To  change  from  normal  position  to  allow  train  movements  on 
main  track  line  "  B"  toward  the  south. 
Lever  23,  for  crossing  bars. 
Lever  22,  for  locks  at  derailing  switches. 
Levers  20  and  21,  to  close  derails. 
Levers  9  and  7,  to  set  signals  for  train  to  pass. 

No  4.  To  change  from  normal  position  to  allow  train  movements  on 
main  track  line     B      toward  the  north. 
Levers  23,  22  20  and  21  as  before. 
Levers  25  and  26  to  signal  train  to  pass. 

No.  5.  To  change  from  normal  position  to  allow  train  movements 
from  east  bound  passing  siding,  east  to  main  track,  Line  "  A  ". 
Lever  15,  to  set  switch  to  siding. 
Levers  12  and  11  to  close  derail  east  of  crossing. 
Lever  16,  to  unlock  and  close  derailing  switch  on  siding. 
Lever  5  to  signal  train  to  pass. 

No.  6.  To  change  from  normal  position  to  allow  train  movements- 
from  main  track  Line  "  A  "  west  to  east  bound  passing  siding. 
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Levers  23,  15,  12,  11,  and  16  as  before. 
Lever  29,  to  signal  train  to  pass. 

No.  7.  To  change  from  normal  position  to  allow  train  movements 
from  east  bound  passing  siding  Line  "  A  "  to  interchange  track. 

Lever  17,  to  unlock  and  set  derail  on  interchange  track  and  switch 
from  siding  to  same. 

Lever  16,  to  unlock  and  set  derail  on  passing  siding. 

Lever  4  to  signal  train  to  pass. 

No.  8.  To  change  from  normal  to  allow  train  movements  from  in- 
terchange track  to  east  bound  passing  siding,  Line  "  A". 
Levers  17  and  _6  as  before. 
Lever  6,  to  signal  train  to  pass. 

It  is  obvious  that  the  locking  should  be  so  arranged  in  the  interlock- 
ing machine  that  it  will  be  possible  to  pull  out  lever  16  after  pulling 
out  lever  17  so  that  either  the  7th  or  8th  movements  just  mentioned 
can  take  place  while  movements  are  taking  place  on  either  main  track 
or  on  the  west  l)ound  passing  siding  Line  "  A 

No.  9.  To  change  from  normal  to  allow  train  movements  from  west 
bound  passing  siding,  west  to  main  track,  Line     A  ". 

Levers  23,  12,  10,  14  and  73  in  order  named  to  set  the  track. 

Lever  27  to  signal  the  train  to  pass. 

No.  10.  To  change  from  normal  to  allow  train  movements  from 
main  track  Line  "  A  "  east  to  west  bound  passing  siding. 
Levers  23,  12,  10,  14  and  13,  in  order  named. 
Lever  2  to  signal  train  to  pass. 

No.  1 1 .  To  change  from  normal  position  to  allow  train  movements 
from  main  track,  line  "  B",  south  to  passing  siding. 

Levers  23,  22,  20,  19  and  18  in  order  named,  to  set  the  track. 
Lever  8  to  signal  the  train  to  pa.ss. 

No.  12.  To  change  from  normal  position  to  allow  train  movements 
from  passing  siding,  line  "  B      north  to  main  track. 
Levers,  23,  22,  20,  19  and  18  as  before. 
Lever  24  to  signal  train  to  pass. 

The  matter  of  proper  signaling  for  railroad  crossings,  as  well  as  at 
other  places,  is  of  growing  importance  on  nearly  all  roads,  and  for  any- 
important  road  requires  for  its  management  men  of  peculiar  ability  and 
experience  in  designing,  installing,  and  operating  these  appliances  for 
the  safety  of  high  speed  traffic. 

On  many  roads  the  interlocking  and  other  signaling  for  the  road  is 
looked  after  by  a  separate  department,  at  the  head  of  which  is  the  sig- 
nal engineer. 
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BRIDGES. 

The  management  of  any  railway  will  always  depend  on  its  mainte- 
nance of  way  department  for  the  care  of  the  bridges  of  the  road.  The 
engineers  in  charge  of  this  department  therefore  shonld  always  be  men 
of  bridge  engineering  experience,  capable  of  figuring  bridge  stresses 
and  of  doing  first  class  bridge  inspection.  They  should  also  be  cap- 
able of  getting  up  first  class  designs  for  new  bridges  needed  at  any 
point  along  their  road — designs,  such  as  can  be  given  to  bridge  manu- 
facturing companies  for  them  to  make  intelligent  bids  upon. 

Fig.  9,  shows  a  design  for  a  single  track  deck  plate  girder  bridge 
for  a  26  ft.  opening.  This  particular  bridge  is  designed  in  accordance 
with  specifications  of  the  L.  S.  &  M.  S.  Ry.  All  necessary  informa- 
tion is  here  given  for  all  details  of  the  bridge.    The  shear  has  been 
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figured  at  various  points  and  the  necessary  rivet  spacing  in  the  flanges, 
to  take  care  of  the  same,  in  addition  to  the  weight  of  the  train  load 
above,  has  been  figured  and  shown  on  the  drawing. 

Stififener  angles  and  lateral  bracing,  bearing  plates,  etc.,  have  also 
been  designed  in  accordance  with  the  specifications  referred  to.  The 
maximum  end  shear  and  maximum  center  moment  have  been  com- 
puted for  the  loads  taken  and  are  shown  on  the  drawing. 

The  sections  for  flanges  and  web  of  girder  have  been  calculated  from 
these  quantities  in  accordance  with  these  same  specifications.  The 
bridge  shown  above  is  a  simple  bridge  in  comparison  to  many  which 
the  maintenance  engineer  of  any  important  railway  will  find  necessary 
to  design  or  to  have  designed  for  him. 

It  is  highly  important  that  the  complete  preliminary  designs  of  all 
new  bridges  for  the  road,  showing  all  stresses  and  sections  desired, 
should  be  gotten  up  in  the  railway  offices  or  in  offices  of  their  consult- 
ing engineers  instead  of  in  the  offices  of  tlie  bridge  manufacturing  com- 
panies. These  companies  would  have  too  much  interest  in  the  matter 
of  design,  opposed  to  tlie  interests  of  the  railway  company  for  them  to 
make  the  best  designs  possible. 

Much  watchfulness  is  also  required  to  obtain  good  jobs  of  erection 
on  bridges  contracted  for  by  the  railway  company. 

The  work  of  erection  will  general!}'  be  done  by  the  makers  of  the 
bridge  and  the  erector  in  cliarge  of  the  work  will  usually  have  no  in- 
terest other  than  to  get  the  work  done  as  quickly  and  cheapl}^  as  pos- 
sible. Unless  carefully  watched  by  the  railway  engineers  and  in- 
spectors, he  will  be  apt  to  slight  the  work  in  many  vital  points.  To 
illustrate  this  point,  a  case  which  came  under  the  writer's  observation 
.some  months  ago,  will  be  cited.  A  draw  bridge  of  .some  230  ft.  .span 
was  being  erected  for  one  of  the  large  railway  companies  having  a  ter- 
minus in  this  city.  The  railway  engineers  in  charge  of  the  work 
were  men  of  practical  railway  experience  in  many  branches  of  the 
science  but  who  had  never  had  practical  education  in  inspection  of  iron 
work.  The  bridge  was  nearly  ready  to  be  swung,  the  last  pin  connec- 
tions about  to  be  made,  when  it  was  found  impossible  to  drive  one  of  the 
pins.  One  of  the  posts  connecting  at  that  point  could  not  be  drawn 
into  position,  on  account  of  projecting  heads  of  rivets  connecting  the 
pin  plates  of  the  post  to  it.  The  erector,  being  iu  a  hurry,  had  his 
men  cut  off  these  projecting  rivet  heads,  thus  destroying  the  rivets,  in- 
stead of  having  them  take  out  the  pin  at  the  other  end  of  the  post  and 
turn  the  post  180°  so  that  it  would  go  to  its  position  as  designed. 
Had  the  work  of  inspecting  the  erection  of  this  bridge  been  in  the 
hands  of  competent  inspectors,  the  erector  would  not  have  acted  as  he 
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did,  or  else  he  would  have  been  obliged  to  take  out  the  post,  redrive 
the  rivets  cut  off,  and  replace  tlie  post  in  its  proper  position  before  the 
bridge  would  have  been  accepted. 

It  is  a  deplorable  fact,  however,  that  in  tlie  case  of  all  but  the  best 
roads,  it  is  the  exception  rather  than  the  rule  for  bridge  manufactur- 
ing companies  to  erect  bridges  for  railway  companies  under  proper 
field  inspection.  This  fact  often  depreciates  by  a  considerable  amount, 
the  value  of  the  new  construction  obtained. 

It  is  equally  important  to  the  railway  company  that  all  material 
which  enters  into  the  structure,  whether  steel,  iron  or  timber,  shall  be 
of  the  quality  desired.  To  insure  this,  careful  inspection  by  experi- 
enced men,  in  the  mills  and  shops  where  the  steel  or  iron  is  made  and 
assembled  and  also  in  the  lumber  yards  should  be  made,  and  is  always 
made  under  the  supervision  of  the  maintenance  engineers  of  all  first 
class  roads. 

The  proper  inspection  of  existing  bridges  is  also  an  important  part 
of  a  maintenance  engineer's  duties.  This  inspection  should  include 
the  examination  of  material  found  in  the  bridges  to  determine  how  age 
has  affected  it  and  whether  it  needs  to  be  renewed  on  that  account.  It 
should  also  include  an  examination  of  the  stre.sses  in  the  bridges,  as 
many  of  them  may  be  overstrained  in  man}'  points  because  either  of 
poor  original  design  or  the  increased  weight  of  locomotives  and  train 
loads  in  use  on  the  road.  If  a  bridge  be  found  overstrained,  no  time 
should  be  lost  in  getting  it  renewed.  The  writer  knew  of  the  case  of  a 
large  railway  system,  the  policy  of  whose  management  seemed  to  be  to 
keep  up  the  bridges  on  the  main  track  line  at  the  expense  of  those  on 
the  numerous  short  side  track  lines  belonging  to  that  system.  On  a 
number  of  these  latter  were  several  timber  bridges  of  some  50  ft.  span 
each.  The  form  of  truss  used  in  these  bridges,  designed  some  10 
years  ago  perhaps,  was  that  of  a  half  through  Queen -post  truss.  The 
designer  neglected,  however,  to  put  in  proper  diagonal  bracing  in  the 
middle  panel  with  the  result  that  one  of  these  bridges  failed  under  a 
locomotive,  doing  much  damage  to  the  railway  company  not  only  in 
the  destruction  of  the  bridge  and  traffic  across  it  for  a  considerable 
length  of  time,  but  in  injury  to  the  locomotive,  its  engineer  and  fire- 
man. To  the  best  of  the  writer's  knowledge,  however,  the  remaining 
bridges  of  this  type  on  this  railway  system,  are  still  in  place  and  being 
used  as  they  were  previous  to  the  accident  spoken  of.  The  division 
engineer  in  charge  of  that  portion  of  the  road  is  a  business  man  and  a 
mechanical  engineer  instead  of  a  civil  engineer  which  may  explain  that 
condition  of  affairs.  There  should  be  no  excuse  however,  for  such  a 
flagrant  violation  of  bridge  design  as  that  mentioned  above. 
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BY  HENRY  GOLDMARK,   A.B.,   M.  AM.  SOC.  C.  E. 

The  problems  of  canal  construction  as  a  part  of  the  Civil  Engineer's 
work  have  within  recent  years  assumed  new  and  unexpected  promi- 
nence. Several  important  canals  for  a  navigation  of  the  first-class  have 
lately  been  completed  and  further  projects  of  unparalleled  magnitude 
are  now  under  construction  or  the  subject  of  serious  discussion. 

Among  the  large  works  recently  finished  abroad  may  be  mentioned 
the  Manchester,  the  North  Sea- Baltic,  and  the  Corinth  canals,  and  the 
enlargement  of  the  canal  prism  at  Suez  and  Amsterdam.  In  America 
the  most  important  waterways  under  construction  or  survey  are  the 
great  Drainage  Canal  at  Chicago  now  nearly  finished  ;  the  rival  projects 
at  Panama  and  Nicaragua,  and  the  equally  important  plan  for  a  canal 
of  the  first-class  connecting  the  Great  Lakes  with  tidewater. 

All  this  activity  is  the  more  .striking,  because  for  more  than  a  gener- 
ation the  rapid  development  of  railroads  appeared  to  have  given  a 
death  blow  to  new  canal  con.struction,  and  many  existing  canals  had 
suffered  a  decrease  in  their  traffic  or  been  entirely  abandoned. 

There  were,  however,  good  reasons  for  this  temporary  decline  which 
was  not  due  to  any  inherent  weakness  in  canals  as  such,  but  rather  to  a 
mistaken  public  policy  by  which  their  great  advantages  were  not  prop- 
erly made  use  of.  The  superior  economy  of  transportation  by  water 
with  vessels  of  proper  design  and  in  waterways  of  considerably  size  is  not 
open  to  question.  The  modern  freight  steamer,  both  on  the  high  seas 
and  our  own  Great  Lakes,  carries  freight  at  a  cost  much  less  than  even 
the  lowest  railroad  rates.  The  tonnage  of  the  lake  traffic,  particularly, 
has  of  late  years  advanced  by  leaps  and  bounds. 

It  is,  perhaps,  impossible  to  reach  the  .same  high  degree  of  economy 
in  the  case  of  canal  and  river  channels,  which  are  necessarily  more 
restricted.  But  in  canals  of  large  cross  section,  using  modern  vessels 
propelled  by  power,  the  cost  per  ton  mile  should  not  be  much  greater 
than  in  open  water.  The  real  reason  why  our  canals  have  decreased 
.so  much  in  relative  importance  lies  in  the  fact  that  in  size,  in  con.struc- 
tion, and  especially  in  the  nature  of  the  boats  used  on  them,  they  are 
many  years  behind  the  times  and  represent  a  phase  of  development 
long  past  in  all  other  departments  of  tran.sportation.    When  operated 
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in  competition  with  the  highly  developed  railway  systems,  embodying 
the  latest  improvements  of  modern  engnieering,  it  is  not  to  be  wondered 
at  that  they  have  lost  most  of  their  former  importance. 

The  only  way  in  which  canal  navigation  can  be  revived  is  to  pnt  it, 
as  nearly  as  feasible,  on  the  same  footing  as  navigation  in  lakes  and 
large  rivers,  by  nsing  large  vessels,  eqnipped  with  modern  machinery, 
in  channels  of  snfficient  cross-section  to  keep  tlie  resistance  to  the 
movement  of  the  vessels  within  economical  limits.  It  goes  withont 
saying  that  canals  of  this  description  are  very  expensive  to  constrnct 
and  maintain.  There  will,  therefore,  be  but  few  locations  on  which 
the  volume  of  the  traffic  will  be  sufficient  to  warrant  their  con.struction, 
and  we  may  expect  that  but  few  canals  will  be  built  in  the  future,  but 
they  will  be  works  of  strictly  the  first  cla.ss. 

To  the  constructing  engineer  canal  building  offers  many  problems  of 
great  interest.  The  location  of  the  canal,  both  from  a  commercial  and 
a  .strictly  engineering  .standpoint,  requires  careful  .study,  while  the  ex- 
cavation of  the  channel  offers  a  field  for  introducing  new  and  ingenious 
methods  for  handling  earth  and  rock  work  on  a  large  scale.  The 
hydraulic  questions  involved,  such  as  seepage,  evaporation,  problems  of 
water  supply,  the  flow  of  water  in  open  channels,  etc.,  are  all  interest- 
ing as  matters  of  theory  and  offer  a  rich  field  for  experimental  research. 

In  this  paper  it  is  not  proposed  to  take  up  any  of  these  topics,  but  to 
confine  it  to  the  subject  of  canal  locks,  not  only  because  they  are  the 
most  important  .structures  in  canal  con.struction,  but  also  becau.se  they 
have  not  been  adequately  treated  in  American  engineering  text  books. 

GENERAL  DEFINITIONS. 

A  canal  lock  may  be  defined  as  a  structure  which  enables  vessels  to 
pass  from  a  body  of  water  to  an  adjacent  one  which  is  at  a  different 
level.  As  usually  built,  it  consists  of  an  enclosed  basin  or  chamber 
provided  with  gates  by  which  it  may  be  shut  off  at  either  end  so  that  it 
can  be  put  in  communication  alternately  with  the  upper  and  lower 
levels.  The  method  by  which  boats  are  passed  through  a  lock  is  simple, 
and  readily  understood.  Besides  the  ordinary  canal  lock,  various  other 
means  for  overcoming  differences  of  level  in  canals  have  been  proposed 
at  different  times  for  at  least  loo  years  past.  Among  these  may  be 
mentioned  inclined  planes  and  mechanical  lifts  acting  vertically.  A 
few  inclined  planes  have  been  in  use  on  small  canals  both  in  America 
and  Europe  for  many  years.  Of  vertical  lifts  a  large  number  of 
projects  have  been  worked  out  on  paper,  but  only  four  of  these  have 
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been  built  and  are  now  in  use.  They  are  the  hydraulic  lifts  at  Ander- 
ton,  England  ;  Les  Fontinettes  in  France,  and  La  Louviere  in  Belgium, 
and  the  floating  lift,  so-called,  at  Henrichenburg  in  Prussia.  The 
largest  of  these  is  the  last  named,  which  is  230  feet  long,  28  feet  wide, 
with  a  draft  of  water  of  8  feet.    The  amount  of  lift  is  52}^  feet. 

The  operation  of  these  lifts,  the  oldest  of  which  has  been  in  use  for 
over  20  years,  is  quite  satisfactory.  Their  principal  raison  d' etre  is  the 
saving  in  water  which  they  accomplish  as  compared  with  ordinary 
masonr}-  locks.  They  are  certainly  of  much  interest,  and  in  special 
locations  their  use  will  probably  be  more  general  in  the  future.  The 
locks  are,  however,  at  best  the  most  vulnerable  portion  of  a  canal 
system,  and  engineers  may  well  hesitate  before  putting  a  more  complex 
mechanism  in  place  of  the  simple  and  massive  masonry  lock. 

HISTORY. 

The  invention  of  the  canal  lock  is  one  of  the  few  great  discoveries  by 
which  civilization  has  been  measurably  advanced.  It  alone  has  made 
it  po.ssible  to  navigate  many  important  rivers  and  to  carry  canals  over 
considerable  elevations  where  a  single  level  canal  would  be  out  of  the 
question.  The  credit  for  building  the  first  lock  is  claimed  by  both 
Holland  and  Italy,  but  the  evidence  as  to  time  and  place  is  conflicting. 
While  in  the  plains  of  Northern  Italy,  the  navigable  canal  is  the  out- 
growth of  the  shallow  irrigating  ditches  used  from  time  immemorial, 
the  Dutch  canal  for  boats  has  developed  from  the  channels  required  to 
drain  the  low  lying  fields  or  polders.  In  both  countries  simple  .sluice 
or  head  gates  were  built  long  before  the  enclosed  lock  with  enclosed 
chambers.  Such  gates  are  .sometimes  used  for  navigation  and  are  often 
confounded  with  true  locks  by  the  earlier  writers.  The  fir.st  clear  and 
distinct  description  of  a  lock  with  an  enclosed  chamber  is  said  to  have 
been  given  by  Leona  Batti.sta  Alberti  in  his  book  entitled  "  De  re  Aedi- 
ficatoria,"  a  copy  of  which  he  pre.sented  to  the  Pope  Nicholas  V.  in 
1452.  Simon  Stevinus,  the  celebrated  Dutch  .scientist,  also  gives  a 
good  account  of  a  canal  lock  in  a  treati.se  published  in  161 8. 

By  other  writers  it  is  claimed  that  the  finst  lock  was  built  in  1481 
near  Padua  in  Italy,  while  the  advocates  of  Dutch  priority  feel  confi- 
dent that  true  canal  locks  were  in  u.se  in  the  Netherlands  before  1250. 
It  may  be  added  that  the  common  canal  lock  is  frequently  called  the 
Visconti  lock  from  its  alleged  inventor,  while  by  others  the  laurels  of 
Leonardo  da  Vinci,  already  so  ample,  are  increased  by  ascribing  the 
discovery  to  the  great  painter.    The  exact  date  is,  of  course,  not  very 
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important.  It  is  of  interest,  however,  to  note  that  lock  building  as 
well  as  canal  construction  generally,  antedates  the  establishment  of  our 
profession  by  several  centuries.  In  hydraulic  works  of  all  kinds,  many 
successive  generations  had  accunuilated  a  large  amount  of  practical  ex- 
perience long  before  the  civil  engineer,  as  such,  had  come  into  being. 
In  canal  work,  a  high  degree  of  perfection  was  reached  at  least  150 
years  ago.  Faulty  methods  in  construction  and  operation  had  been 
gradually  eliminated  by  the  severe  te.st  of  time  and  experience  so  that 
the  forms  then  in  use  have  been  foHowed  ])retty  closely,  at  least  for 
small  canals,  down  to  tlie  present  day.  Within  the  past  fif:iy  years 
many  large  locks  liave  been  buiU,  l)ut  the  ])rinciples  of  their  construc- 
tion are  essentially  the  same  as  those  followed  in  the  older  and  smaller 
works. 

Although  the  ordinary  canal  lock  has  often  been  criticised  on  various 
grounds,  it  cannot  be  denied  that  it  has  proved  itself  in  practice  an  ex- 
tremely .satisfactory  piece  of  mechanism.  It  is  simple  and  durable,  re- 
quires few  repairs  and  is  inexpensive  in  operation. 

CLASSES  OF  LOCKS. 

According  to  their  location,  locks  may  be  divided  into  two  general 
classes  : 

(1)  Ivocks  in  inland  canals  and  canalized  rivers. 

(2)  Locks  in  maritime  canals  and  harbors. 

In  the  first  class,  the  difference  of  level  to  be  overcome  is  due  to  the 
configuration  of  the  ground  which  makes  it  necessary  to  divide  up  the 
waterway  into  a  series  of  pools  or  reaches  at  different  levels.  The 
"lift"  in  this  case  is  practically  constant  and  the  water  pressure 
again.st  the  gates  of  the  lock  always  acts  in  the  same  direction. 

On  the  other  hand,  in  the  locks  used  in  harbors  and  in  canals  com- 
municating with  the  ocean,  the  difference  of  level  is  due  to  the  tides 
and  in  certain  cases  to  wind  action.  In  the  North  Sea-Baltic  Canal, 
for  instance,  there  is  a  complete  lock  at  the  east  end  of  the  canal  which 
is  in  use  only  about  25  days  in  the  year,  at  times  when  a  .strong  east 
wind  from  the  Baltic  piles  up  the  water  in  the  outer  harbor. 

The  principal  use  of  locks  in  harbors  is  for  closing  dock  entrances 
where  the  range  of  the  tides  is  considerable.  This  is  the  case  on  the 
coasts  of  England  and  Germany  and  on  the  Atlantic  coast  of  France. 
The  difference  between  high  and  low  tide  is  rarely  less  than  15  feet, 
while  in  .some  localities,  such  as  the  ports  in  the  Bristol  Channel,  it 
reaches  44  feet  at  certain  times  in  the  year.    In  these  harbors  vessels 
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are  loaded  and  unloaded  in  enclosed  basins  surrounded  by  quay  walls 
in  which  the  water  is  kept  approximately  at  a  constant  level.  These 
basins  have  narrow  entrances,  closed  by  one  or  more  gates.  In  some 
of  the  docks,  especialh'  those  of  earlier  construction,  there  is  no  en- 
closed chamber  so  that  the  lock  reduces  to  a  mere  pair  of  gates  in  the 
entrance  channel.  These  gates  are  open  for  an  hour  or  so  at  high  tide 
and  all  vessels  must  pass  in  and  out  at  this  time.  When  the  tide  in  the 
outer  harbor  begins  to  fall,  the  gates  are  closed  and  keep  the  water  in 
the  dock  basin  from  running  out.  In  order  to  provide  against  excep- 
tionally high  tides  in  the  outer  harbor,  another  pair  of  gates  is  usually 
added  which  are  built  so  as  to  support  water  pressure  acting  from  the 
outside.  A  further  modification  where  the  range  of  tide  is  great  is  the 
introduction  of  a  "  half  tide  lock  "  with  a  second  pair  of  gates  so  that 
the  pressure  on  each  of  them  is  reduced. 

The  limited  time  to  which  the  traffic  is  confined  in  this  form  of  dock 
entrance  is  objectionable  and  many  modern  English  docks  are  provided 
with  complete  locks  having  enclosed  chambers  so  that  vessels  can  be 
locked  through  between  the  outer  harbor  and  the  docks  at  all  hours. 
At  high  tide  the  gates  are  left  open  for  some  time  and  the  larger  vessels 
usually  come  into  the  dock  without  locking. 

The  construction  of  these  harbor  locks  is  almost  exactly  identical 
with  the  locks  on  large  ship  canals.  In  the  leading  ports  of  Great 
Britain,  a  large  number  have  been  built  in  the  last  fifty  years.  In  Liv- 
erpool alone  there  are  more  than  loo  pairs  of  lock  gates  for  openings 
varying  from  40  to  100  feet.  As  but  few  large  ship  canals  have  so  far 
been  built,  it  is  to  the  experience  gained  in  building  these  large  dock 
gates  that  we  must  look  for  guidance  in  designing  similar  works. 

DIMENSIONS. 

In  designing  a  complete  canal  lock,  the  first  points  to  be  fixed  are 
the  proper  dimensions.  These  are  the  length,  the  width,  the  depth  of 
water  on  the  sill  and  the  lift  or  difference  of  level  between  the  water 
above  and  below  the  lock. 

The  width  and  length,  and  the  depth  on  sill  are  commonly  the  same 
for  the  whole  canal  and  depend  on  the  maximum  size  of  vessel  em- 
ployed. On  the  canal  proper,  it  is  necessary  to  make  the  prism  very 
much  greater  than  the  cross  section  of  the  vessel,  say  from  4  to  6  times 
as  great,  so  as  to  reduce  the  resistance  to  motion  through  the  water  to 
an  economical  amount.  In  the  locks  this  is  unnecessary.  An  exces- 
sive size  involves  waste  of  water,  increases  the  time  required  to  operate 
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the  lock  and  greatly  increases  the  first  cost.  In  some  cases  where  the 
traffic  is  ver}^  heavy,  locks  have  been  Iniilt  wide  enough  to  allow  two 
ordinary  vessels  to  be  docked  side  by  side  and  long  enough  to  take  in 
several  of  them,  one  behind  the  other.  The  new  American  lock  at 
Sault  Ste.  Marie,  which  is  100  ft.  wide  and  800  ft.  long,  is  a  .so-called 
"fleet  lock"  of  this  kind.  The  wisdom  of  this  design  is  doubtful. 
As  the  width  and  length  of  lake  vessels  is  constantly  increasing,  it  will 
not  be  very  long  before  all  the  older  and  smaller  vessels  will  go  out  of 
service,  so  that  the  100  ft.  lock  will  not  be  wide  enough  to  take  in  two 
of  the  vessels  side  by  side  nor  long  enough  to  allow  them  to  enter 
"tandem."  In  that  event  the  large  dimensions  of  the  lock  will  be 
worse  than  useless.  The  Canadian  lock  at  the  Sault,  finished  in  1895 
is  anly  60  ft.  wide,  but  900  ft.  long  and  appears  better  adapted  to  the 
demands  of  traffic. 

The  ])ro])able  size  of  vessels  in  the  future  is  not  easy  to  foresee  and 
the  dimensions  to  be  adopted  for  designing  locks  for  large  ship  canals 
will  vary  greatly  according  to  individual  judgment.  Some  thirty  years 
ago  the  largest  vessels  were  steamers  with  paddle  wheels  that  projected 
a  considerable  distance  on  either  side  of  the  hull  proper.  To  provide 
for  these,  several  locks  100  ft.  wide  were  built  in  the  Liverpool  and 
Havre  docks.  These  are  now  far  wider  than  necessary.  At  present 
few  merchant  vessels  are  wider  than  60  ft.,  although  a  few  of  the 
largest  exceed  this  limit  and  the  Freidrich  der  Gro.sse  is  68  ft.  wide. 
War  vessels  have  somewhat  greater  beam  ;  the  Iowa  of  the  U.  S.  Navy 
is  76  ft.  wide  over  all. 

The  locks  on  the  North  Sea-Baltic  Canal  are  82  ft.  wide,  while  the 
new  locks  at  Bremerliaven  are  to  have  a  clear  width  of  92  ft.  in  accor- 
dance with  the  request  of  the  North  German  Lloyd  Steamship  Com- 
pany. On  the  Manchester  Canal  80  foot  and  65  foot  locks  are  used 
although  a  narrower  lock  is  built  at  the  side  for  small  craft.  The 
proposed  locks  for  the  new  Panama  Canal  are  to  be  59  and  82  ft.  wide 
and  about  the  same  widths  will  probably  be  adopted  at  Nicaragua. 

The  depth  of  water  on  the  sill  of  the  lock,  should  equal  the  maxi- 
mum draft  of  the  boats  with  an  additional  clearance  of  i^^  to  2  feet. 
The  "  lift  "  of  a  lock  is  its  most  important  feature.  If  the  width  may 
be  compared  to  the  "length  of  span"  in  abridge,  the  lift  is  analo- 
gous to  the  loading  to  which  the  bridge  is  subjected.  The  lift  or  dif- 
ference of  level  is  fixed  b}^  topographical  configurations,  though  in 
many  cases  the  location  of  the  canal  is  affected  by  the  amount  of  lift 
which  can  safely  be  used.  The  inferior  limit  of  the  lift,  in  a  lock  may 
be  I  ft.  or  even  less.    The  upper  limit  has  not  yet  been  reached.  Very 
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few  locks  with  lifts  exceeding  20  to  25  feet  have  ever  been  built.  The 
greatest  lift  known  to  the  writer  in  an  inland  canal  lock  is  30  ft.  This 
lift  is  used  at  the  new  locks  in  St.  Denis  Canal  in  France.  In  the 
Avonmouth  dock  at  Bristol,  England,  the  range  of  the  tide  is  nearly 
44  ft.  and  the  strength  of  the  gates  is  calculated  for  a  head  of  45  ft. 
This  lock  was  built  nearh^  thirty  years  ago  and  though  the  gates  are  of 
timber,  their  operation  has  been  entirely  successful. 

The  question  whether  lifts  as  high  as  40  or  50  feet  are  advisable 
must  be  studied  carefully  for  each  separate  case  and  will  depend  on  the 
supply  of  water,  the  density  of  traffic  and  other  considerations  as  well 
as  on  the  structural  difficulties  involved.  During  the  past  year  the 
writer  has  been  engaged  in  the  design  of  locks  of  various  lifts  up  to  50 
feet.  So  far  as  his  plans  have  been  matured,  they  show  no  reason  why 
lifts  of  45  or  50  feet  could  not  be  successfully  used  on  locks  as  wide  as 
80  feet. 

Such  great  lifts  will  seldom  be  needed  as  the  topography  of  the 
country  passed  through  is  almost  always  such  as  to  make  the  majority 
of  locks  of  moderate  lift.  Even  where  a  concentration  of  the  locks  at 
a  few  points  might  otherwise  be  advantageous,  this  can  rarely  be  done 
without  flooding  too  large  an  area  of  valuable  land.  For  this  reason 
the  opinion  sometimes  expressed  that  the  adoption  of  mechanical  locks 
which  permit  the  concentration  of  the  lift  at  a  few  points  will  always 
result  in  economy,  is  a  mistaken  one. 

CONSTRUCTION  OF  LOCK  WAI.LS. 

The  construction  of  a  lock  may  be  divided  into  three  parts. 

(1)  The  foundation,  the  side  walls  and  the  floor  which  are  gener- 
ally built  of  masonry. 

(2)  The  culverts  and  valves  for  filling  and  emptying  the  lock,  with 
the  mechanism  for  operating  the  valves. 

(3)  The  lock-gates  and  the  machiner}^  for  moving  them. 

As  in  most  structures,  the  nature  of  the  foundation  encountered  af- 
fects the  difficulty  of  construction  to  a  high  degree.  Fortunately  in 
inland  canals,  the  locks  can  often  be  located  on  a  solid  rock  bottom. 
In  the  case  of  harbors,  on  the  other  hand,  rock  is  rarely  encountered 
and  in  many  cases  the  bottom  is  extremely  .soft.  The  successful  oper- 
ation of  the  gates  requires  that  the  side-walls  and  sill  should  remain 
almo.st  absolutely  true  to  their  original  lines.  The  difficulty  of  secur- 
ing this  result  is  very  much  greater  than  that  encountered  in  building 
an  ordinary  quay  wall.  No  general  directions  can  be  given  as  to  the 
best  choice  of  foundation  in  any  given  case.    When  the  bottom  con- 
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sists  of  a  rather  firm  sand  or  clay,  it  is  usual  to  cover  the  entire  site 

with  a  layer  of  concrete  of  sufficient  thickness  to  support  the  upward 
thrust  of  the  water  which  may  tend  to  lift  it.  This  layer  of  concrete 
is  laid  in  the  dry  when  this  is  feasible,  but  must  usually  be  deposited 
under  water.  The  side  walls  are  built  on  this  foundation  and  the  por- 
tion between  the  walls  forms  the  floor  of  the  lock.  When  the  bottom 
is  softer  and  more  variable,  piling  must  be  resorted  to,  at  least  under 
the  side  walls,  so  that  the  weight  of  the  walls  may  not  tend  to  crack 
the  floor.  The  problem  of  dimensioning  the  side  walls  and  the  floor 
when  the  bottom  is  soft  is  extremely  complicated. 

When  built  on  soiid  rock,  a  lock  wall  can  be  designed  according  to 
well  understood  rules  in  the  same  way  as  a  retaining  wall.  Each  wall 
acts  separately  and  its  weight  is  carried  by  the  rock  bottom  immedi- 
ately below  it.  The  forces  tending  to  overthrow  the  wall  are  the 
earth  pressure  behind  it,  to  which  must  be  added  a  certain  amount  of 
water  pressure  varying  with  the  permeability  of  the  back  filling.  In 
this  calculation  the  lock  is,  of  course,  supposed  to  be  empty  and  the 
ground  water  to  stand  at  its  highest  level. 

When  designing  a  lock  to  be  built  on  a  soft  bottom,  we  cannot  cal- 
culate the  strength  of  each  wall  separately  but  must  consider  the  en- 
tire cross  section  of  the  lock,  i.  e.,  the  two  side  walls  and  the  concrete 
floor  as  a  whole.  This  section  is  subjected  to  a  variety  of  forces,  viz.  : 
the  earth  and  water  pressure  on  the  side  walls,  the  upward  pre.ssure 
on  the  bottom  of  the  floor  and  the  walls  besides  the  weight  of  the 
masonry  and  of  the  water  in  the  lock.  The  magnitude  and  distribu- 
tion of  the  upward  reaction  of  the  bottom  cannot  be  exactly  estimated. 
It  is  possible,  however,  to  make  a  graphic  analysis  and  draw  a  line  of 
pressures  in  the  walls  and  floor  under  various  hypotheses.  By  com- 
paring the  conclusions  to  be  drawn  from  this  analysis  with  practical 
experience  in  locks  built  on  a  soft  bottom,  much  assistance  can  be 
gained  in  proportioning  new  structures.  With  the  usual  proportions 
the  line  of  pressure  at  the  middle  of  the  floor  is  quite  eccentric.  This 
shows  the  existence  of  a  considerable  bending  moment  which  would 
teiid  to  crack  the  floor  at  the  top.  Such  longitudinal  cracks  have  actu- 
ally occurred  in  a  number  of  harbor  locks  at  the  very  points  indicated 
by  the  theoretical  analysis.  They  are  not  necessarily  of  a  destructive 
character  and  after  they  have  been  closed  with  concrete  are  not  likely 
to  give  much  further  trouble.  The  structure  after  fracture  is  in  a 
new  position  of  equilibrium  corresponding  to  a  new  distribution  of 
pressures  on  the  bottom. 

Laying  concrete  under  water  is  always  somewhat  unsatisfactory.  In. 
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building  the  large  locks  at  Holtenau,  on  the  North  Sea-Baltic  Canal,  a 
simple  but  elegant  method  was  used  for  lowering  the  ground  water 
level  and  excluding  the  water  from  the  lock  pit.  Three  wells,  12  ft. 
in  diameter,  were  sunk  by  compressed  air  to  a  depth  of  about  15  feet 
below  the  bottom  of  the  pit.  The}'  were  placed  close  to  and  just  out- 
side the  lock  at  three  of  its  corners.  By  pumping  from  these  wells 
with  centrifugal  pumps  for  a  period  of  15  months,  the  water  level  over 
the  entire  lock  was  lowered  so  that  the  foundation  could  be  built 
entirely  in  the  dry. 

Compressed  air  caissons  and  open  wells  sunk  by  dredging  have  also 
been  used  for  the  foundations  of  harbor  locks.  The  method  used  is 
practicall}'  the  same  as  that  employed  for  bridge  piers.  The  locks  at 
Toulon,  Dieppe  and  some  other  French  ports  were  built  with  com- 
pressed air  foundations,  while  the  Bordeaux  lock  was  founded  on  open 
wells.  In  the  latter  case,  the  close  proximity  of  large  warehouses  was 
the  reason  for  chosing  this  method. 

The  material  used  in  lock  walls  is  almost  always  masonry,  but  floors 
of  timber  construction  are  not  unusual  even  in  large  locks.  Cut  stone 
masonry  is  generally  employed,  though  rubble  with  an  ashlar  facing  is 
not  uncommon.  Of  late  years  some  locks  have  been  built  entirely  of 
concrete.  Among  these  are  the  fine  locks  recently  completed  by  the 
U.  S.  Government  on  the  Hennepin  Canal  in  Illinois.  The  writer  has 
also  had  occasion  to  examine  the  masonry  recently  built  for  the  new 
guard  gates  in  the  St.  Mary's  Falls  canal.  This  masonry  consists  of  a 
rich  concrete  without  any  cut  stone  and  presents  a  very  good  appear- 
ance. The  gates  are  of  timber  and  span  a  clear  opening  of  108  ft. 
This  is  a  greater  width  than  any  known  to  the  writer  elsewhere. 

The  masonry  at  the  ends  of  a  lock  must  support  the  pressure  of  the 
gates.  The  walls  at  the  ends  are  necessarily  thicker  than  the  side  walls 
of  the  chamber  and  must  be  built  with  extreme  exactness  so  as  to  fit 
the  gates.    Their  details  will  depend  on  the  style  of  gate  used. 

The  construction  of  the  masonry  is  further  complicated  by  the  neces- 
sity of  inserting  culverts  for  the  filling  and  emptying  of  the  lock  and 
also  of  tunnels  for  the  cables  that  move  the  gates  and  the  pressure 
pipes  connected  with  the  operating  machinery. 

ARRANGEMENTS  FOR  FILLING  AND  EMPTYING  THE  LOCK.  ' 

Three  different  plans  are  in  use  for  this  purpose. 

( 1 )  Valves  in  the  upper  gate. 

(2)  Side  Culverts  in  the  lock  walls. 

(3)  Culverts  under  the  floor  of  the  locks. 
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The  first  plan  has  the  merit  of  simplicity  and  is  generally  used  in 
small  locks.  Tlie  openings  are  rectangular  and  placed  as  low  as 
possible  in  the  gates  so  as  to  act  with  the  largest  possible  head.  The 
valves  are  simple  sluice  gates  operated  by  hand  from  the  top  of  the 
gate.  Such  openings  weaken  tli  \  gate  where  the  water  pressure  is 
greatest.  Another  objection  is  the  fact  that  the  water  rushes  in  with 
much  velocity  and  tends  to  break  the  cables  of  vessels  in  the  lock. 
Furthermore  the  time  recpiired  to  fill  a  large  lock  by  valves  in  the  gates 
is  excessive.  For  this  reason,  such  valves  are  sui)plemented  or  replaced 
in  most  large  locks  by  culverts  in  the  side  walls  or  under  the  floor. 
The  latter  arrangement  can  be  conveniently  adopted  only  in  case  of  a 
rock  foundation,  to  which  the  floor  system  can  be  bolted  down  to  resist 
the  upward  pressure  of  the  water,  tending  to  lift  the  floor  when  the 
culverts  are  filled.  The  most  important  examples  of  such  culverts  are 
found  in  the  three  great  locks  at  Sault  Ste.  Marie.  In  all  of  these  the 
water  is  admitted  tlirough  large  rectangular  culverts  under  the  floor. 
They  are  about  8  ft.  square  and  connect  with  the  lock  chamber  by  a 
large  number  of  openings  along  the  bottom  of  the  lock.  The  culverts 
run  side  by  side  and  are  built  of  solid  timbers.  There  are  two  culverts 
in  the  smaller  American  lock,  six  in  the  larger  and  four  in  the  Cana- 
dian lock.  The  head  is  about  19  feet.  The  largest  lock  is  filled  in 
about  II  minutes,  using  four  culverts  only. 

Side  culverts  are  general  in  the  larger  European  locks,  such  as  those 
in  the  Manchester  and  North  Sea-Baltic  canals.  There  is  a  culvert  in 
each  wall  about  twice  as  high  as  it  is  wide.  In  the  Manchester  Canal 
the  size  of  the  culverts  is  6  X  12  feet.  They  discharge  into  the  lock  by 
lateral  openings. 

In  connection  with  culverts,  three  classes  of  valves  are  used,  viz.  : 
Slide  valves,  butterfly  valves  and  cylindrical  valves.  The  first  class 
are  rectangular  and  ma}^  be  built  of  either  metal  or  wood.  It  is  desira- 
ble that  they  should  move  with  little  friction  and  be  as  nearly  water 
tight  as  possible.  On  the  Manchester  Canal  the  Stoney  sluice  gates 
are  very  successfully  used,  in  which  the  friction  is  largely  reduced  by  a 
system  of  roller  bearings.  In  the  North  Sea-Baltic  Canal  a  similar 
sliding  gate  built  of  timber  was  adopted.  In  American  locks  butterfly 
valves  revolving  on  a  central  axis  are  common.  They  are  simple  in 
design  and  durable  and  require  but  little  power  to  operate  them.  The 
only  objection  to  their  use  is  the  excessive  consumption  of  water,  as 
they  cannot  be  made  with  a  tight  fit.  This  precludes  their  use  where 
water  is  scarce. 

Cylindrical  valves  are  in  use  on  many  French  canals  and  have  been 
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proposed  for  the  enlarged  Erie  Canal.  They  consist  of  vertical  steel 
cylinders  resting  on  a  conical  seat,  and  are  raised  vertically  to  admit  the 
water  through  an  annular  orifice.  While  these  valves  have  many  good 
features  they  are  quite  expensive  as  the  amount  of  water  that  can  pass 
through  any  one  valve  is  comparatively  small.  Valves  are  generally 
operated  by  power,  the  machinery  being  combined  with  that  for  moving 
the  gates. 

LOCK-GATES. 

Although  they  represent  a  relatively  small  part  of  the  total  cost,  the 
gates  are  more  complex  in  construction  than  any  other  part  of  the  lock, 
and  on  their  correct  design  its  successful  operation  will  largely  depend. 
Considered  merely  as  structures,  they  present  an  interesting  field  in  the 
theory  of  stresses  and  in  practical  designing. 

Every  lock  with  an  enclosed  chamber  must  have  at  least  two  gates, 
one  at  each  end.  Besides  this  an  intermediate  gate  is  frequently  added 
which  permits  the  working  length  of  the  lock  to  be  shortened  so  that 
smaller  vessels  can  be  locked  through  more  quickly  and  with  less  waste 
of  water.  Quite  generally,  too,  a  guard  gate  is  built  at  either  end  to 
allow  the  entire  lock  to  be  laid  dry  for  periodic  examination  and  repair. 

Lock  gates,  whatever  their  detailed  design,  are  really  movable  dams, 
and  when  closed  support  the  pressure  of  a  considerable  head  of  water. 
The  standard  form  used  in  the  great  majority  of  cases  is  the  mitering 
gate.  This  consists  of  two  leaves,  each  turning  on  a  vertical  axis  like 
an  ordinary  door.  When  closed  the  leaves  meet  at  an  obtuse  angle,  the 
so-called  toe-posts  abutting  against  each  other  in  the  middle  of  the 
lock,  while  the  bottom  of  the  gate  rests  against  a  continuous  sill. 
When  in  this  position  the  two  leaves  act  as  an  arch,  which  conveys  the 
water  pressure  to  the  side  walls.  The  fitting  of  the  gates  against  each 
other  and  the  sill  is  difficult  to  make  and  maintain  uniform  at  all  times. 
A  bad  fitting  may  interfere  with  the  proper  working  of  the  gates,  and 
also  causes  the  stresses  in  the  different  members  to  be  somewhat 
uncertain. 

For  these  reasons  among  others,  many  substitutes  for  mitering  gates 
have  been  proposed  and  some  of  them  carried  into  execution.  The 
more  important  of  these  forms  may  be  briefly  referred  to. 

(i)  The  single  leaf  revolving  gate.  This  consists  practically  of  one 
leaf  of  a  mitering  gate  long  enough  to  reach  across  the  lock  at  right 
angles  ;  the  gate  is  supported  on  the  bottom  and  both  sides  and  acts  as 
a  girder  or  truss  instead  of  an  arch.  The  single  leaf  is,  of  course, 
heavier  than  the  separate  leaves  of  a  mitering  gate  for  the  same  open- 
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ing.  It  requires  much  more  power  to  move  it  and  also  shortens  the 
available  length  of  the  lock  which  can  be  occupied  by  vessels.  The 
cost  is  about  the  same  as  for  double  leafed  gates.  Single  leafed  gates 
have  of  recent  3^ears  been  built  in  France  up  to  50  feet  in  length. 

(2)  The  "Tumble"  gate  which  also  spans  the  canal  with  a  single 
leaf,  but  revolves  on  a  horizontal  sliaft  fixed  at  the  bottom  of  the  lock. 
This  form  has  been  used  in  some  of  the  Erie  Canal  locks  for  many 
years. 

(3)  Sliding  Gates.  Gates  of  this  kind  have  been  built  in  different 
English  and  continental  harbors  and  in  this  country  in  coiniection  with 
the  Davis  Island  Dam  in  the  Ohio  river  improvement.  The  foreign 
gates  are  of  iron  with  closed  air  chambers,  while  the  Davis  Island  gate 
which  spans  an  opening  of  iio  feet  is  of  timber  framing.  These  slid- 
ing gates  when  closed,  act  as  trusses  supported  by  the  side  walls 
and  the  sill.  They  are  opened  by  moving  them  sideways  at  right 
angles  to  the  lock  into  a  recess  constructed  in  the  masonry  wall  on  one 
.side. 

(4)  Pontoons.  Pontoons  are  sometimes  rectangular  gates  like  the 
sliding  gates  just  referred  to,  although  they  may  also  be  built  having 
the  curved  outlines  of  an  ocean  vessel.  They  are  floated  across  the 
lock  entrance  and  are  sunk  into  position  by  letting  water  into  tanks 
provided  for  the  purpose.  When  the  lock  is  opened  they  are  moved 
into  recesses  in  the  wall.  Pontoons  are  used  generally  in  dry  docks, 
but  are  not  well  adapted  for  ordinary  canals  where  rapid  and  frequent 
moving  of  the  gates  is  required.  The  same  may  be  said  of  the  sliding 
gates  although  the  latter  if  properly  designed  and  fitted  with  a  good 
moving  mechanism  would  probably  give  good  satisfaction  in  canal 
work. 

The  ordinary  mitering  gate  has,  however,  in  the  writer's  opinion,  so 
many  strong  points  in  likeness,  durability  and  facility  of  movement 
that  it  is  likely  to  hold  its  own  even  for  large  locks. 

MITKRING  GATES. 

Mitering  gates  are  built  of  all  sizes  from  the  great  gates  spanning  an 
opening  of  100  feet  down  to  the  smallest  guard  gates.  The  material 
used  in  their  construction  is  timber  or  iron  or  a  combination  of  the  two. 
For  small  gates,  timber  is  in  every  way  preferable  as  the  first  cost  is 
less,  repairs  are  more  easily  made  and  there  is  no  difficulty  in  designing 
gates  of  simple  construction  using  timbers  of  small  scantling  and 
length.    A  number  of  small  iron  gates  have  been  built  in  different 
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countries,  but  the  concensus  of  opinion  among  the  Engineers  directly 
in  charge  of  canals  seems  to  be  averse  to  their  general  adoption. 

The  general  use  of  steel  in  bridges  and  ships,  makes  large  wooden 
lock  gates  seem  somewhat  out  of  date.  Metal  would  appear  to  have 
great  advantages  as  in  other  engineering  structures.  Large  iron 
gates,  have  as  a  matter  of  fact,  been  in  use  for  over  fifty  years,  the 
first  wrought  iron  gate  having  been  built  for  a  60  ft.  dry  dock  entrance 
in  tlie  Brooklyn  Navy  Yard  about  1850,  while  about  the  same  time  sim- 
ilar gates  were  constructed  by  English  engineers  at  Sebastopol,  Russia. 
It  has  never  been  denied  that  these  and  later  iron  gates  have  given  per- 
fect satisfaction. 

It  is  true,  nevertheless,  that  many  English  and  American  engineers 
of  great  experience  in  lock  work  remain  strongly  prepossessed  in  favor 
of  timber  gates.  In  England  even  at  the  present  day,  about  half  of 
the  new  gates  are  built  of  wood.  In  the  Manchester  Canal  Green- 
heart  timber,  a  very  durable  wood,  brought  from  British  Guiana  was 
used  exclusively  in  the  54  gate  leaves  built,  although  the  cost  was 
much  greater  than  that  of  iron  gates.  Some  of  the  larger  American 
gates  such  as  those  in  the  new  Canadian  lock  at  the  Sault  are  also  built 
of  wood. 

Apart  from  natural  conservatism,  the  reasons  which  make  for 
wooden  gates  are,  their  greater  lightness  which  makes  them  easier  to 
move  and  still  more  the  ease  with  which  they  may  be  repaired  in  case 
of  a  collision.  Such  accidents  are  always  possible,  although  they  are 
rare.  It  does  not  seem  to  the  writer,  that  this  contingency  is  suf- 
ficiently probable  to  make  it  wise  for  us  to  give  up  the  great  advant- 
ages of  steel  gates. 

DETAILS  OF  CONSTRUCTION. 

A  mitering  gate  consists  of  a  skeleton  or  frame  and  a  water  tight 
sheathing.  The  frame  may  be  arranged  in  different  ways,  but  there 
is  always  a  heel  or  quoin  post  close  to  the  masonry,  a  toe  or  mitre  post 
at  the  other  end  of  the  leaf  and  two  horizontal  girders,  one  at  the  top 
and  another  at  the  bottom  of  the  gate.  Besides  this  there  are  usually 
a  number  of  intermediate  horizontal  girders  forming  a  series  of  arches 
or  rafters  carrying  water  pressure.  In  a  few  gates,  vertical  girders 
which  bear  against  the  top  horizontal  girder  and  the  bottom  sill  take 
the  place  of  the  intermediate  horizontals.  The  weight  of  the  gate  is 
supported  on  a  vertical  pivot  fastened  to  the  bottom  of  the  quoin  post, 
while  at  the  upper  end  of  this  post,  there  is  an  anchorage  which  ex- 
tends into  the  masonry  wall.    A  roller  traveling  on  a  circular  track  on 


84  Association  of  Civil  Engineers  of  Cornell  University . 


the  bottom  of  the  lock  has  in  the  past  been  quite  generally  used  at  the 
outer  end  of  large  gate  leaves.  This  relieves  the  pivot  and  anchorage 
of  much  weight  but  makes  distribution  very  uncertain.  The  disadvan- 
tages of  rollers  have  led  to  their  gradual  abandonment. 

TIMBER  GATES. 

The  sheathing  is  always  made  of  planking  with  calked  joints.  The 
posts  consist  of  one  large  timber  or  are  built  up  of  several  pieces. 
The  horizontals  differ  in  construction  according  to  the  size  of  the  gate. 
For  moderate  spans  straight  horizontals  made  of  a  single  timber  can  be 
u.sed,  but  for  larger  gates  built-up  trusses  must  be  employed.  Where 
long  timbers  can  be  had  bowstring  girders  with  iron  tie-rods  or  tie- 
beams  of  wood  are  probably  the  best  forms  to  be  adopted.  As  examples 
of  such  girders,  the  old  gates  for  the  100-foot  dock  entrances  at  Liver- 
pool and  Havre  and  the  Weitzel  lock  at  the  Sault  (60  feet  wide)  may 
be  referred  to.  The  gates  in  this  last  lock  have  been  renewed  during 
the  past  winter.  Tliey  were  designed  by  Mr.  Alfred  Noble,  M.  Am. 
Soc.  C.  E.,  and  completed  under  his  care  in  1881.  The  iron  rods, 
pivots,  etc.,  were  found  to  be  in  perfect  condition  and  have  been  used 
for  the  new  gates. 

When  long  timber  is  difficult  to  obtain,  the  horizontal  girders  may  be 
built  up  of  several  short  lengths  framed  between  vertical  intermediate 
posts  and  bolted  to  re-inforcing  timbers.  Many  English  gates  are  built 
in  this  wa3^ 

IRON  AND  STEEL  GATES. 

Iron  or  steel  gates  like  timber  gates  consist  of  a  frame  and  a  sheath- 
ing, both  of  metal.  The  cushions  at  the  quoin  and  mitre  posts  and  the 
sill  where  a  water-tight  closure  is  required  are  usually  made  of  wood. 

The  design  of  a  steel  lock-gate,  like  that  of  any  other  structure,  is 
largely  dependent  on  the  forces  which  it  has  to  resist.  The*ie  will  be 
different  when  the  gate  is  opened  and  when  it  is  closed.  When  open 
tthe  gate  exerts  a  horizontal  pull  on  the  anchorage  while  its  weight  rests 
on  the  pivot.  Tliese  forces  must  be  transmitted  through  the  gate 
frame  and  are  readily  analyzed. 

When  the  gate  is  closed  the  water  exerts  a  horizontal  pressure,  which 
is  transferred  by  the  gate  to  the  side  walls  and  sill  of  the  lock.  The 
magnitude  of  this  pressure  is  easily  determined,  being  at  each  point 
equal  to  the  hydrostatic  head.  The  upper  gate  is  most  strained  when 
the  lock  is  entirely  empty.  The  pressure  increases  from  zero  at  the  top 
to  a  maximum  at  the  bottom  and  may  be  represented  by  a  triangle. 
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In  the  lower  gate  it  is  zero  at  the  top  increasing  uniformly  to  the  level 
of  the  lower  pool  and  from  that  point  is  a  constant  to  the  bottom  of  the 
gate.    It  may  be  represented  by  a  trapezoid. 

The  gate  can  be  designed  to  stand  this  pressure  in  various  ways. 
The  most  common  form  consists  of  a  series  of  horizontal  girders  spaced 
in  an  approximately  equal  manner  and  fastened  securely  to  the  quoin 
and  mitre  posts.  They  are  further  held  in  place  by  vertical  frames, 
intermediate  between  these  posts,  which  add  greatly  to  the  stiffness  of 
the  gate.  The  sheathing  consists  of  plates  riveted  to  the  horizontals 
and  calked  at  all  joints  to  secure  water-tightness.  This  sheathing  is 
required  only  on  one  side  as  far  the  function  of  the  gate  as  a  dam  is 
concerned.  It  is  a  very  general  practice,  however,  to  place  the  cover- 
ing on  both  sides,  forming  a  series  of  air-tight  compartments,  the 
flotation  of  which  relieves  the  pivot  and  anchorage  of  weight  and 
makes  the  gate  easier  to  turn.  Some  of  the  chambers  are  also  filled 
with  water  as  ballast. 

The  closed  chambers  are  hard  to  keep  tight  and  somewhat  inaccessi- 
ble. For  this  reason  in  some  of  the  latest  designs,  such  as  the  Cascade 
Locks  on  the  Columbia  River  and  the  Plaquemine  Locks  in  Louisiana, 
both  built  by  the  U.  S.  Government,  they  have  been  omitted  and  the 
gates  built  with  a  single  skin  only. 

In  the  beginning  the  actual  design,  the  first  point  to  be  settled  is  the 
rise  of  the  sill  which  fixes  the  angle  which  the  gates  make  with  the 
axis  of  the  lock.  The  rise  varies  from  \  to  J  of  the  width  in  various 
locks,  but  a  rise  of  \  is  perhaps  the  best,  being  as  economical  as  a 
greater  rise. 

The  next  point  to  be  considered  is  the  proper  outline  of  the  hori- 
zontals. These  are  almost  always  plate  girders.  They  may  have  a 
girder  .shape  or  else  follow  the  lines  of  an  arch  the  medial  line  of  which 
is  a  circular  curve  through  the  centre  of  the  quoin  and  mitre  posts. 

Each  horizontal  is  in  equilibrium  under  three  external  forces,  viz.  : 
the  water  pressure,  which  is  uniform  and  normal  to  tlie  face  of  the  gate, 
the  reaction  of  the  other  leaf  which  is  at  right  angles  to  the  axis  of  the 
lock  and  the  reaction  of  the  masonry  at  the  quoin.  These  two  re- 
actions are  equal  and  make  the  same  angle  with  a  line  connecting  the 
centre  of  pressure  at  the  quoin  and  mitre  posts. 

If  the  gate  consisted  of  a  linear  arch  without  thickness,  a  circle 
would  be  the  true  line  of  equilibrium  for  the  forces  acting  on  it  and  the 
arch  would  be  in  pure  compression  and  hence  the  most  economical 
shape.  On  the.se  theoretical  grounds,  it  has  generally  been  held  that 
an  arch  gate  of  circular  shape  is  necessarily  the  most  economical.  This 
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has  been  stated  by  many  different  writers  for  50  years  back  and  the 
proposition  has  been  re-inforced  by  many  intricate  calcnlations  involv- 
ing the  use  of  the  higher  matliematics. 

As  a  matter  of  fact,  the  gates  are  never  Hnear  arches  but  must  be 
built  as  curved  beams  which  are  rarely  less  than  3  feet  in  thickness  so 
that  the  surface  submitted  to  the  water  pressure  is  not  identical  with 
the  curved  axis  of  the  horizontal  girder.  Furthermore  the  center  of 
contact  or  pressure  where  one  leaf  presses  against  the  other  at  the  mitre 
post  is  rarely  exactly  on  the  medial  line,  but  on  the  contrary  varies 
considerably  on  either  side.  This  difference  of  position  is  due  both  to 
unavoidable  inaccuracy  in  fitting  and  material  and  also  to  the  change 
in  the  length  of  the  gate  leaves  at  different  times  owing  to  variations  in 
temperature.  As  a  result  of  this  the  circular  arch  is  never  in  pure  com- 
pression but  also  subject  to  considerable  cross-bending.  Besides  this 
in  proportioning  engineering  structures  many  practical  considerations, 
such  as  the  minimum  thickness  of  metal,  etc.,  that  may  be  used  must 
be  taken  into  account,  so  that  any  general  theoretical  deduction  loses 
still  more  in  value. 

The  only  reliable  method  of  comparison  for  different  shapes  consists 
in  a  series  of  estimates  based  on  actual  detailed  designs.  By  means  of 
several  extended  estimates  of  this  kind  the  writer  has  satisfied  himself 
that  at  least  for  locks  up  to  80  feet  in  width,  the  circular  arched  gate  is 
no  more  economical  than  the  straight  or  girder  shape,  while  it  has 
many  practical  disadvantages. 

The  dimensions  of  the  web  and  flanges  in  any  given  girder  are  to  be 
determined  by  the  rules  commonly  used  where  there  is  a  combination 
of  compressive  and  bending  stresses. 

Another  interesting  question  is  the  distribution  of  the  total  water 
pressure  over  the  different  horizontal  girders.  The  total  amount  of 
this  pressure  for  the  whole  gate  is  perfectly  determinate.  In  case  the 
horizontal  girders  were  connected  by  a  flexible  sheathing,  the  distribu- 
tion would  be  equally  simple,  each  girder  getting  exactly  the  load  due 
to  its  head  below  water  level.  As  actually  built  the  girrders  are  con- 
nected by  sheathing  that  has  some  stiffness  and  by  vertical  posts  that 
have  much  rigidity.  Furthermore,  the  bottom  of  the  gate  fits  more  or 
less  closely  against  a  solid  sill.  The  stiff  vertical  members  modify  the 
distribution  of  the  load  over  the  different  horizontals,  even  when  there 
is  no  contact  on  the  bottom  sill  and  still  more  when  there  is  contact  so 
that  the  verticals  carrj'  some  of  the  water  pressure  to  the  bottom  sill. 
The  result  is  that  the  upper  part  of  the  gate  is  more  fully  loaded,  while 
the  lower  horizontals  are  proportionately  relieved. 
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Some  interesting  experiments  on  models  made  by  M.  Chevalier  in 
France  in  1850,  illustrate  this  point  ver}^  beautifully.  The  mathe- 
matical statement  of  these  complex  stresses  has  also  been  attempted  by 
several  French  engineers,  but  their  methods  are  extremely  intricate 
and  the  results  while  indicating  correct  values,  hardly  merit  extreme 
confidence. 

The  method  of  "  I^east  Work"  for  solving  indeterminate  stresses 
has  been  applied  by  the  writer  to  this  question  with  results  that  agree 
satisfactorily  with  some  measurements  he  has  made  during  the  past 
year  in  the  deflections  of  large  gates. 

French  Engineers  commonly  design  the  lower  girders  of  their  gates 
in  accordance  with  the  formulae  referred  to  above,  assuming  simul- 
taneous contact  of  the  mitre  post  and  sill  at  all  times,  while  in  England 
it  is  usual  to  proportion  each  girder  for  its  full  hydrostatic  head.  As 
the  close  fitting  at  the  sill  is  likely  to  fail  at  times,  the  English  practice 
seems  the  safer  one,  though  the  upper  part  of  the  gate  should  be 
strengthened  rather  more  than  is  customary  in  some  of  the  English 
gates. 

The  details  of  construction  in  all  parts  of  the  gate  will,  of  course, 
var}'  according  to  the  individual  judgment  of  the  engineer  in  charge. 

Many  otherwise  good  gates  are  unnecessarily  complex  in  construction, 
showing  a  lack  of  familiarity  with  shop  practice  on  the  part  of  their 
designers. 

In  lock-gates,  which  are  machines  rather  than  structures,  facility  of 
operation  and  freedom  from  breakdowns  are  far  more  important  than 
first  cost.  At  the  same  time,  a  gate  that  is  simple  in  detail  is  also  likely 
to  be  satisfactory  in  daily  use. 

MACHINERY  FOR  OPENING   AND   vSHUTTiNG  THE  GATES. 

The  methods  used  for  opening  and  shutting  the  gates  can  only  be 
briefly  referred  to.  In  large  modern  locks  the  machinery  is  always 
operated  by  power  in  order  to  shorten  the  time  required.  The  prime 
movers  are  generally  turbine  wheels  operated  by  the  water  in  the  canal 
at  a  head  equal  to  the  lift  of  the  lock.  The  power  thus  generated  is 
transmitted  to  the  mechanism  for  moving  the  gate  by  water  under 
pressure,  by  compressed  air  or  by  electricity.  In  the  past,  water  under 
pressures  varying  from  100  to  800  lbs.  has  been  generally  used. 
Machinery  of  this  kind  was  first  designed  by  Sir  William  Armstrong 
for  English  harbor  locks,  and  includes  the  use  of  his  well-known 
accumulator.  Most  English  plants  have  been  constructed  by  this  firm 
and  designers  in  other  countries  have  generally  used  very  similar 
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forms.  The  water  under  pressure  moves  reciprocating  pistons  to 
which  the  cables  are  attached,  or  else  rotary  engines,  usually  with  three 
cylinders,  are  used. 

The  turning  of  the  gates  is  generally  effected  by  steel  cables  or 
chains  which  are  attached  close  to  the  mitre  post  near  the  bottom  of 
the  gate.  One  cable  serves  for  opening  and  another  for  closing.  The 
cables  are  brought  to  the  engines  on  the  top  of  the  lock  walls,  through 
tunnels  built  in  the  masonry.  The  details  of  the  attachment  and  gen- 
eral arrangement  differ  in  various  designs,  but  it  is  usual  to  have  an 
independent  engine  on  each  side  wall. 

Although  cables  and  chains  have  worked  very  satisfactorily,  they 
have  some  disadvantages  and  in  several  recent  locks  other  appliances 
for  opening  and  shutting  the  gates  have  been  adopted,  thus  in  the  new 
locks  at  Barry,  in  England,  a  stiff  strut  is  used  which  is  attached  to  the 
gate  above  the  surface  of  the  water  and  serves  both  to  open  and  shut 
it.  One  end  of  this  strut  connects  directly  to  a  plunger  that  moves  in 
an  hydraulic  cylinder.  This  cylinder  oscillates  on  a  double  axis  which 
is  placed  in  a  recess  built  in  the  wall  approximately  at  right  angles  to 
the  face  of  the  wall.  In  the  North  Sea- Baltic  Canal  and  also  at  the 
west  end  of  the  Amsterdam  Canal  a  similar  arrangement  is  used,  but 
the  strut  is  not  directly  moved  by  hydraulic  power  but  carries  a  rack 
that  connects  with  geared  spur  wheels. 

Quite  recently  electric  motors  have  been  substituted  for  water  pres- 
sure engines  and  the  use  of  this  power  is  likely  to  become  general. 

Hydraulic  machinery  in  cold  climates  is  always  likely  to  give  trouble 
and  in  some  instances  it  is  necessary  to  use  oil  in  place  of  water  during 
the  Spring  and  Fall  before  it  becomes  necessary  to  cease  operations 
entirely.  Besides  this,  the  transmission  of  power  by  pressure  pipes  to 
distant  parts  of  the  large  lock  involves  expensive  construction  and 
repairs  are  frequently  needed.  The  use  of  the  electric  current  would 
seem  to  obviate  all  these  difficulties.  In  the  Canadian  lock  at  Sault 
Ste.  Marie,  electric  motors  are  used  for  opening  and  shutting  the  gates 
as  well  as  operating  the  large  valves  in  the  culverts.  The  operation  of 
this  machinery  is  entirely  satisfactory,  although  it  seems  to  be  rather 
complicated. 

Electric  power  has  also  been  adopted  for  the  gates  of  the  new  lock  at 
Ymuiden  on  the  Amsterdam  Ship  Canal,  as  a  result  of  an  extended 
series  of  experiments.  We  may  expect  that  in  the  future  mo.st  of  the 
new  locks  will  be  operated  as  well  as  lighted  by  electricity. 
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HENRY  S.  JACOBY,   ASSOCIATE   PROFESSOR  OF  BRIDGE  ENGINEERING 

AND  GRAPHICS. 

The  graduation  thesis  of  Mr.  Harle\'  S.  Gibbs,  of  the  class  of  '98, 
of  the  College  of  Civil  Engineering,  consisted  of  an  inv^estigation  of 
the  relative  influence  upon  the  design  of  a  two-hinged  parabolic  arch 
rib  of  the  moment  of  inertia  of  its  cross  section,  and  of  the  shortening 
of  the  rib  due  to  the  axial  thrust  or  compression.  The  arch  rib  which 
was  chosen  for  this  purpose  is  the  one  used  as  an  example  in  Arts. 
77-83  of  Merriman  and  Jacoby's  Text-Book  on  Roofs  and  Bridges, 
Part  IV.  This  was  done  to  enable  the  investigation  to  be  carried  fur- 
ther in  the  limited  time  available  than  would  otherwise  have  been  pos- 
sible. The  span  is  258  feet,  and  the  rise  26  feet.  The  weight  of  the 
horizontal  roadway  and  its  loads  is  transmitted  by  equidistant  vertical 
columns  to  the  ribs  which  are  thereby  divided  into  twenty  parts.  The 
dead  and  live  panel  loads  are  59.0  and  18.2  kips  respectively,  a  kip  de- 
noting one  thousand  pounds.  Nine  designs  were  made  by  Mr.  Gibbs, 
six  relating  to  this  arch  rib  under  different  conditions,  and  three  of  an- 
other rib  of  double  the  rise  so  as  to  show  how  the  ratio  of  rise  to  span 
modifies  the  effect  of  the  other  conditions. 


I.  In  the  first  design  the  moment  of  inertia  /  is  assumed  to  vary  as 
the  secant  of  the  angle  of  inclination  i  of  the  axis  of  the  rib.  This 
condition  is  expressed  by  the  formula  1=1^  sec  i,  in  which  is  the 
moment  of  inertia  of  the  rib  section  at  the  crown.     The  bending  mo- 


ments, axial  thrusts,  and  shears  were  determined  under  each  panel 
point,  .section  o  being  at  the  hinge  and  section  10  at  the  crown.  The 
methods  of  finding  the  stresses  and  designing  the  flanges  and  web  are 
those  given  in  the  text-book  referred  to  above,  the  effect  of  the  rib 
shortening  in  Art.  80.  being,  however,  omitted.    The  sections  were  re- 
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vised  until  the  assumed  value  of  /  agreed  with  the  final  value.  It  was 
found  that  the  niaxinuiiii  flange  stresses  were  due  to  negative  moments 
at  all  the  sections  except  number  8.  The  results  for  only  the  alternate 
sections  are  recorded  in  tables  I  and  II.  The  flanges  are  designed  to 
take  the  bending  moments  and  axial  compression,  the  web  taking  only 
the  normal  shear  in  accordance  with  the  usual  specifications. 

2.  In  the  second  design  the  moment  of  inertia  is  assumed  to  vary  as 
in  the  preceding  case,  the  effect  of  the  rib  shortening  being  considered. 
The  value  of  the  horizontal  thrust  //  at  tlie  supports  was  computed 
from  fornnila  74  in  Chap.  II  of  Howe's  Treatise  on  Arches.  This 
formula  is  derived  from  an  analysis  which  includes  the  effect  of  rib 
shortening  leaving  as  the  only  approximation  in  the  design  that  which 
is  due  to  the  moment  of  inertia.  The  value  of  the  square  of  the  ra- 
dius of  gyration  substituted  in  the  f(^rnuila  was  the  average  value  6.38 
feet^  obtained  in  the  preceding  design.  The  values  were  found  to 
range  from  6.371  to  6.393,  the  average  being  6.388  feet'^  No  revision 
was  made.  The  reduction  in  the  value  of  H  due  to  rib  shorten- 
ing in  turn  modifies  the  reaction  locus.  The  only  effect  on  the  live 
loading,  however,  is  to  change  it  from  panel  loads  /-p  to  i-io 
inclusive  for  the  greatest  positive  moment  in  section  7,  and  from 
panel  loads  6-1 1  to  5-//  inclusive  for  section  p.  A  correspond- 
ing change  is  made  in  the  loading  for  the  greatest  negative  mo- 
ments in  these  .sections.  It  may  be  added  that  this  change  in  loading 
applies  to  all  the  designs  in  which  the  rib  shortening  is  taken  into  ac- 
count. The  maximum  flange  stresses  were  found  to  be  due  to  positive 
bending  moments  at  all  the  sections  except  number  i  where  they  are 
due  to  a  negative  moment,  and  at  section  o  where  there  is  no  bending 
moment  and  where  the  axial  compression  is  a  maximum  under  full 
load.  The  values  of  H  are  only  per  cent,  less  than  those  in  the 
first  design,  while  in  the  table  in  Appendix  C  of  Howe's  Treatise  the 
difference  is  given  as  about  7  per  cent.  This  seems  to  indicate  the  un- 
reliability of  that  table  for  spans  differing  materially  from  that  for  which 
it  was  computed,  viz.,  100  feet.  The  formula  for//  shows  that  its 
value  does  not  vary  simply  as  the  ratio  of  the  rise  to  the  span.  Espe- 
cial attention  is  called  to  the  fact  that  the  differences  between  the  corre- 
sponding values  of  H  do  not  serve  as  a  measure  of  the  differences  in  the 
flange  sections  required,  for  in  this  design  the  flange  areas  are  over  4 
per  cent,  greater  than  those  in  the  first  design  as  shown  in  Table  II. 

3.  In  this  case  the  moment  of  inertia  is  assumed  to  be  constant,  its 
magnitude  being  the  average  value  obtained  in  the  first  design.  The 
computations  were  made  by  means  of  the  summation  formulas  242  and 
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246  in  Chap.  II  of  Howe's  Treatise  on  Arches,  omitting  the  terms  con- 
taining the  sectional  area  of  the  flanges,  since  the  effect  of  the  rib 
shortening  is  here  neglected.  The  method  of  using  these  formulas  is 
explained  in  Chap.  VIII.  The  co-ordinates  x  and  y  were  taken  to  the 
center  of  each  A 5.  If  the}^  be  taken  to  the  ends  instead  of  to  the 
centers  of  these  divisions  the  values  of  are  found  to  be  0.3061, 
1.3728  and  1.9835  instead  of  0.3105,  1.3848  and  1.9389  for  a  load  unity 
at  sections  z,  5  and  10  respectively. 

4.  The  fourth  design  differs  from  the  precedine:  one  b}^  considering 
the  effect  of  the  rib  shortening.  The  summation  formulas  242  and  246 
were  employed  substituting  in  them  the  average  values  of  the  moment 
of  inertia  and  of  the  area  of  the  flanges  which  were  obtained  in  the 
second  design.  On  using  the  modified  formula  as  recommended  by 
Howe  in  Chap.  VIII,  the  approximate  values  of  7/ were  computed  and 
found  to  be  0.3039,  1.3598  and  1.9040  instead  of  0.3047,  1.3628  and 
1.9080  for  a  load  unity  at  sections  z,  5  and  10  respectively.  The  dif- 
ference increases  with  the  rise  of  the  arch  and  accordingly  the  formula 
for  //was  used  without  any  modification  except  to  re-arrange  it  slightly 
for  convenience  in  computation. 

5.  The  fifth  case  differs  from  the  third  onl}^  in  using  different  values 
of  the  moment  of  inertia.    It  was  assumed  that  the  values  for  sections 

0  to  ^  would  probably  be  those  obtained  in  the  third  design,  while  those 
for  sections  ^  to  10  would  be  those  of  the  first  design.  The  composi- 
tion of  the  flanges  proved,  however,  to  be  exactly  the  same  throughout 
for  the  third  and  fifth  designs.  No  revision  was  made  as  previous  com- 
putations indicated  that  the  change  would  be  very  small. 

6.  In  this  design  the  true  value  of  the  moment  of  inertia  is  used 
at  each  section,  and  the  effect  of  the  rib  shortening  is  considered.  The 
same  formulas  are  employed  as  in  the  fourth  design,  the  values  of  the 
moment  of  inertia  and  of  the  area  of  the  flanges  for  that  design  being 
substituted.  On  completing  the  design  it  was  found  that  no  revision 
was  required  since  the  results  agreed  with  the  values  assumed.  The 
numbers  of  the  preceding  designs  are  entered  in  the  headings  of  Tables 

1  and  II. 

DISCUSSION  OF  THE  RESULTS. 

The  following  results  are  shown  by  a  comparison  of  the  required 
flange  areas  in  Table  II  : — 

Fir.st,  that  the  effect  of  the  rib  shortening  due  to  axial  compression 
should  always  be  considered  when  the  arch  has  a  rise  of  about  one- 
tenth  of  the  span.  If  the  flange  areas  for  the  sixth  design  be  taken  as 
100  percent.,  those  of  the  first  design,  when  I  =     sec  i,  are  seen  to 
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vary  from  89.9  to  104,3  P^^  cent.  ;  those  of  the  third  design,  when  /is 

constant,  range  from  91.8  to  105.3  P^^"  cent.,  and  tho.se  of  the  fifth  de- 
sign vary  from  91.5  to  105.3  per  cent.  ;  the  minimum  and  maximum 
percentages  in  each  case  being  those  of  sections  10  and  2  respectively. 
These  differences  from  the  true  vahies  exceed  the  allowable  limit. 


TABLE  I. 


Section. 

Rib  Shortening  Considered. 

Rib  Shortening  Neglected. 

1=1  sec.  i. 

Ave'ge  I 
(4) 

True  I 
(6) 

I=Ic  sec.  i. 
(1) 

Ave'ge  I 
(3) 

True  I 

(5) 

Horizontal  thrust  H 
for  a  load  unity 
placed  successive- 
ly at  the  sections 
given. 

2 

4 
6 
•  8 

10 
1-19 

0.5978 
1.1310 

1-5439 
1-8137 
1.9044 
24.320 

0.6020 
I. 1370 
1.5540 
I. 81 79 
1,9080 
24.412 

0.6039 
1. 1366 

1.5517 
1. 8168 

1.9085 
24.408 

0,6084 
I. 1511 
1.5759 
1.8457 
1.9381 

24.759 

0.61 17 
I. 1553 
1. 5791 
1.8472 

1.9389 
24.807 

0.6088 
1. 1504 
1.5767 
1.8526 
1.9492 
24.808 

Dead  load  bending 
moments. 

(Kip-feet.) 

2 

4 
0 
8 
10 

4  269.8 

+478.7 
4628.6 
+718.5 
+748.5 

J-218.6 
+388.6 
+510.0 
+582.8 
-1  607,2 

^  220.8 
+392.6 
+515.2 
4588.7 
-  613.3 

4-27.0 

+47.9 
+62,9 

+71.9 
+74.9 

-fo.5 
40.8 
41. 1 
41.2 

+  ^•3 

—0.1 
-0.2 
-0.2 
—0.2 

Dead  load  axial 
thrust. 

(Kips.) 

0 
2 

4 
6 

10 

2 

4 
5 

8 

TO 

0 
2 
4 

6 
8 
10 

1538.8 
1518.7 
1483.8 

1457-9 
1440.0 

H34-9 

1544.4 
1524.0 
1489.9 
1463.8 
1447.2 
1440,3 

1546.6 
1525.8 
1490.6 

1461.7 
1448,0 
1440. 1 

1564.9 
1545.3 
1510.8 
1484.8 
1467.7 
1460.7 

1567.9 
1548.0 

1513-3 
1487.5 
1470.2 

1463-7 

1569.3 
1546.4 
1512.2 

1486.3 
1470.5 
1463.6 

Greatest  live  load 
positive  bending 
moment. 

(Kip-feet.) 

III5-2 

1589.5 
1531-9 
1087. 1 

797.9 

1108,7 
1577. 1 
1513.9 
1064.8 

785.6 

1 109. 1 
1578.0 
1515.2 
1066.2 

787.9 

1091.5 
1538.2 

1451.9 
980.4 

693-8 

1088. 1 
1528.2 
1442.0 
968.5 
693-3 

1091.3 
1535.3 
1443.7 
965-8 
668.7 

484.1 
158.2 
181. 8 
210.3 

243-1 
236.2 

Corresponding  ax- 
ial thrust  due  to 
the  same  loading. 

(Kips.) 

474.7 
155.8 
178.6 
206.4 

237.7 
231.2 

476,4 
156.4 

179-3 
207.1 

238.9 
231,7 

477.1 
156.9 
179.6 

207.4 
239-3 
231.6 

482,7 
158.2 
181. 7 
210.0 
242.3 
235.2 

483.7 
158.9 
182.3 
210.7 
242.9 
235.4 

Greatest  live  load 
negative  bending 
moment. 

(Kip-feet.) 

2 

% 
I 

1032.0 
1441.8 
1338.0 
865.5 
567.0 

1041.3 
1457-2 
1356.6 
885.0 
598.3 

1041.0 
1456.9 
1356.3 
884.6 

598.7 

10S0.7 
1523-6 
1432.0 

957.4 
672.3 

1087.9 
1528.0 

1441.7 
968.1 
692.9 

1091.3 

1535-4 
1443.8 

965-9 
668.8 

Corresponding  ax- 
ial thrust  due  to 
the  same  loading. 

(Kips.) 

0 
2 

4 
6 
8 
10 

474-7 
312.7 
279.1 

243.3 
206.5 
211. 4 

476.4 
313.7 
280.3 

244.5 
207.5 
212,6 

477.1 
313.8 
380.2 

244-5 
207.4 
212.6 

482.7 
318.5 
284.6 
248,0 
210.4 
215.4 

483.7 
318.6 
284.4 
248.2 
210.7 
216.1 

484.1 
318.8 

284.7 
248.2 
210.5 
215-3 
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TABLE  II. 


• 

c 

Rib  Shortening  Considered. 

Rib  Shortening  Neglected. 

_o 

o 

\=\  sec.  i. 

Ave'ge  I 

True  I 

1=1^  sec.  1. 

Ave'ge  I 

True  I 

<u 
(/} 

(2) 

(4) 

(6) 

(I) 

(3) 

(5) 

Bending  moment 

2 

382.8 

373.4 

377.6 

346.3 

362.6 

363.1 

due  to  tempera- 

4 

680.6 

663.8 

671.3 

615-5 

644.6 

645.5 

ture. 

6 

893-3 

871-3 

881. 1 

808.1 

846.1 

847.2 

1020.9 

995-7 

1006.9 

923-5 

967.0 

968.3 

Jvip-ieet. ) 

lO 

1063.4 

1037.2 

1048.9 

962.0 

1007.2 

1008.6 

o 

37.9 

36.9 

37.4 

34.3 

35-9 

35-9 

Axial  thrust  due  to 

2 

38.9 

37-9 

38.5 

35-2 

36.9 

36.9 

temperature. 

4 

39-8 

38.8 

39.2 

36.0 

37.7 

37.7 

6 

40.4 

39-4 

39-8 

36.5 

38.2 

38.2 

8 

40.8 

39-7 

40.2 

36.9 

38.6 

38.6 

lO 

AO  Q 

38.7 

38.8 

o 

68.38 

68.59 

68.71 

69.40 

69.59 

69.65 

I 

72.83 

73-37 

73.45 

75.63 

76.11 

76.11 

2 

78.09 

78.47 

78.58 

81.97 

82.79 

82.80 

Flange  area  re- 
quired. 

3 
4 

85.01 
Q0.7zl 

84.13 
8q.4I 

84.19 
8q  t^Q 

87,20 

88.Q^ 

88.23 
8q.8^ 

88.28 

Q0.2Q 

5 

93-14 

91-58 

91.80 

90.15 

91.49 

91-54 

\  oq.  ins. ) 

6 

94-85 

92.99 

93.23 

88.01 

89.61 

89.64 

7 

94-79 

92.71 

92.95 

85.80 

87.52 

87.59 

Q 

o 

92.25 

90.13 

90.39 

.  82.12 

83.10 

83.11 

9 

89-33 

87.15 

87.36 

80.01 

81.99 

81.79 

lO 

88.07 

86.81 

87  05 

78.24 

7Q.Q4 

7Q  6"; 

■ 

Flange  area  used  in 
design. 

0-2 

80.22 

80.22 

80.22 

82.50 

83-61 

83.61 

2-4 

91-50 

90.36 

90.36 

89.22 

90.36 

90.36 

4-D 

94.89 

93-72 

93.72 

90.36 

91.50 

91.50 

(Sq.  ins.) 

u  o 

94.89 

93.72 

93.72 

89.22 

90.36 

90.36 

o— lO 

92.58 

90.36 

90.36 

82.50 

83.61 

83.61 

0-2 

147-2 

147.2 

147.2 

151. 5 

153.6 

153-6 

Moments  of  inertia. 

2-4 

168.3 

166.2 

166.2 

164. 1 

166.2 

166.2 

4-0 

174-7 

172.4 

172.4 

166.2 

168.3 

168.3 

( looo  in.  ) 

O— o 

172  zl 

172/1 

164. 1 

166, 2 

166. 2 

o— lU 

170.35 

166.2 

166.2 

151. 5 

153.6 

153.6 

I 

100.4 

98.0 

98.2 

89.3 

88.8 

88.9 

2 

89.8 

87.6 

87.8 

79.6 

79.2 

Maximum  positive 

■I 

82.0 

80.0 

80.2 

72.9 

72.5 

4 

76.7 

75-1 

75.2 

68.8 

68.4 

shear. 

5 

74-5 

73-1 

73.3 

67.6 

67-3 

67.2 

(Kips.) 

6 

76.1 

74-9 

75.0 

70.3 

70.0 

7 

79.2 

78.2 

78.3 

74.9 

74.6 

8 

81. 1 

80.6 

80.6 

•  78.2 

78.1 

9 

81.2 

81.0 

81.0 

79-8 

79.8 

79-8 

lO 

79.6 

79-6 

79-6 

79.6 

79.6 

Thickness  of  web. 

0-2 

\ 

\ 

1 

7 

3 

7 

3 

2-4 

t 

'  f 

(Inches.) 

4-7 
7-IO 

A 

A 

3 

8 

f 

3 

3 

S' 
3 
g" 

3 
8 

1 
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Second,  that  the  flange  areas  when  /is  constant  are  practically  the 

same  as  when  the  true  values  of  /  are  employed.  When  the  efi^ect  of 
rib  shortening  is  considered  the  greatest  difference  for  any  section  is 
less  than  0.3  per  cent.,  all  the  areas  being  slightly  less  when  /  is 
constant  and  equal  to  the  average  value  of  the  true  moments  of  inertia. 
This  difference  is  so  small  that  it  did  not  affect  the  composition  of 
the  flanges  in  the  two  designs. 

Third,  that  when  I  =I^sec  i,  and  the  rib  shortening  is  considered, 
the  required  flange  areas  range  from  99.1  to  102.2  per  cent,  while  the 
required  web  sections  vary  from  100.0  to  102.2  per  cent,  of  the  true 
values.  Excluding  the  stiffeners  and  splices  which  may  be  assumed 
as  equal  in  the  two  cases,  the  amount  of  material  used  in  the  entire 
arch  rib  is  1.13  per  cent,  greater  in  the  former  than  in  the  latter  case. 
This  includes  the  difference  between  the  required  .sectional  areas  and 
those  adopted  in  the  designs. 

It  is  seen  therefore  that  the  error  introduced  by  the  use  of  the  for- 
mula I  —  I^sec  i  has  a  relatively  slight  influence  upon  the  design. 
Since  the  computations  by  this  method  are  considerably  simpler  than 
those  of  the  method  of  summation  either  in  connection  with  a  constant 
moment  of  inertia  or  with  its  true  values,  it  appears  that  the  former 
method  is  preferable. 

SIMPLIFYING  THE  COMPUTATIONS. 

The  next  step  is  to  inquire  whether  it  is  not  possible  to  still  further 
simplify  the  computations  by  determining  the  horizontal  thrust  due  to 
rib  shortening  separately  rather  than  in  combination  with  the  thrust 
due  either  to  the  dead  or  the  live  loads  by  the  complex  formula  referred 
to  in  connection  with  the  second  design.  Since  it  is  generally  neces- 
sary, or  at  least  preferable,  to  prepare  a  table  from  which  the  axial 
compression  may  be  found  for  any  given  loading  it  requires  but  little 
additional  labor  to  re-arrange  the  material  in  the  table  so  as  to  show 
what  the  average  axial  compression  is  for  any  given  loading.  In  the 
example  used,  the  difference  between  the  average  of  the  compression  in 
the  twenty  divisions  and  the  true  average  compression  throughout  the 
rib  must  be  very  small.  This  method  is  used  in  Art.  80  of  the  text- 
book referred  to  in  connection  with  the  first  design.  The  areas  ob- 
tained by  the  two  methods  are  given  in  Table  III  for  comparison. 
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TABLE  III. 


Section   o 

Design  No.  2   68.38 

Simplified  method.  68.44 


72.83 
73.15 


I 


78.09 
78.24 


2 


3 

85.01 
85.17 


90.74 
90.94 


4 


5 

93-14 
93.41 


Section   6 

Design  No.  2   94.85 

Simplified  method .  95.10 


7 


8 


9 


10 


94.79 
93.83 


92.25 
92.56 


89.33 
88.60 


88.97 
89.25 


In  the  simplified  method  the  thrust  //"due  to  rib  shortening  was 
computed  from  the  unit  stress  derived  from  the  average  axial  compres- 
sion for  the  dead,  live  and  temperature  stresses  combined.  The  rib 
shortening,  however,  modifies  in  turn  this  average  axial  compression. 
For  instance,  at  the  crown  (section  10)  the  thrust  due  to  this  first 
determination  of  the  rib  shortening  is  H  =  —  30.2  kips.  This  causes 
an  average  axial  tension  of  29.4  kips,  changing  the  average  axial  com- 
pression from  1705.0  to  1675.6  kips.  The  revised  value  of  is  then 
found  to  be  —29.7  kips,  and  the  revised  flange  area  to  be  89.08  sq.  in. 

Attention  is  also  called  to  the  fact  that  in  the  formula  used  to  find 
H  in  the  second  design,  it  appears  that  the  square  of  the  radius  of 
gyration  is  assumed  to  be  constant  in  those  terms  where  it  enters 
directly  as  a  separate  factor  and  not  indirectly.  It  was  previously 
stated  that  it  varies  from  6.371  to  6.393  with  an  average  value  of  6.388 
while  6.38  was  used.  Therefore  the  flange  area  of  88.97  the 
crown  is  not  quite  correct.  The  correct  value  doubtless  lies  some- 
where between  88.97  ^^^^  89.08  sq.  in.,  and  accordingly  it  may  be  con- 
cluded that  practically  the  same  results  may  be  obtained  by  either  of 
these  methods.  When  the  difference  in  labor  is  regarded  there  is  no 
doubt  as  to  which  method  of  computation  should  be  selected. 

The  flange  areas  given  in  Table  III  for  the  simplified  method  vary 
from  99.5  to  102.5  per  cent,  of  the  areas  required  in  the  sixth  design, 
the  former  percentage  being  for  section  o  and  the  latter  for  section  10. 
In  most  cases,  therefore,  it  will  not  be  worth  while  even  to  make  the 
revision  referred  to  in  the  preceding  paragraph  but  one.  In  no  case 
will  it  be  necessary  to  revise  the  loading  since  the  effect  of  such  a 
revision  is  to  give  areas  that  differ  more  from  the  true  values  given  in 
the  sixth  design,  although  they  agree  more  closely  with  the  areas  of 
the  .second  design.  For  example,  in  section  7  the  revised  area  is  95.00 
sq.  in.  or  102.2  per  cent.,  and  in  section  p  the  area  is  89.50  sq.  in.  or 
102.8  per  cent,  of  the  corresponding  areas  in  the  sixth  design.  While 
the  term  "  true  areas  "  has  been  applied  to  those  of  the  sixth  design  it 
must  not  be  forgotten  that  in  the  formulas  used  even  in  that  case  there 
is  also  a  slight  element  of  approximation  on  account  of  using  the 
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method  of  summation  for  a  limited  number  of  divisions  instead  of  that 
of  integration.    The  influence  of  this  element  is  doubtless  very  small. 

THE  INFLUENCE  OF  THE  RIvSE  OF  THE  ARCH. 

In  order  to  show  the  influence  of  a  cliange  in  the  rise  of  the  arch  rib 
upon  the  relations  discussed  above  for  cases  in  which  the  ratio  of  ri.se 
to  span  was  about  one-tenth,  tliree  additional  designs,  numbered  7,  8, 
and  9,  were  made  by  Mr.  Gibbs  for  an  arch  rib  of  the  same  span  and 
loading  but  with  double  the  rise,  or  about  one-fifth  of  the  span.  The 
effective  depth  of  the  rib  was  reduced  from  five  to  four  feet  .since  the 
maxinunn  moments  are  considerably  less  in  tlie  cases  where  the  effect 
of  rib  shortening  is  considered.  The  conditions  in  these  three  designs 
are  the  same  as  tho.se  in  the  first,  second,  and  sixth  designs  respectively. 

In  the  seventh  design  where  the  rib  shortening  is  neglected  and 
/=  I^seci,  all  the  moments  are  the  same  as  in  the  first  design  except 
tho.se  due  to  temperature  which  are  less  than  one-fifth  as  large.  Com- 
pared with  the  same  design,  the  axial  thrii.sts  due  to  the  dead  and  live 
loads  are  .somewhat  more  than  half,  while  those  due  to  temperature  are 
le.ss  than  one-tenth,  as  large.  The  relations  of  the  eighth  and  ninth 
designs  to  the  .second  and  .sixth  de.signs  respectively  are  about  the  same 
as  tho.se  ju.st  given  except  those  of  the  dead  load  moments.  In  the 
former  the  dead  load  moments  are  between  one-fourth  and  one-fifth  as 
great  as  in  the  second  de.sign,  and  in  the  latter  between  one-seventh 
and  one-eighth  as  large  as  in  the  .sixth  design. 

The  flange  areas  required  in  the  different  sections,  expressed  in 
square  inches,  are  as  follows  : 

TABLE  IV. 

Section   012345 

Seventh  design          40.26         47.83  53.98  58.26         59.23  58.89 

Eighth  design   40.23  47.41  53.32  57.85  60.57  60.39 

Ninth  design   40.25  47.86  54-io         58.39         59-52  60.00 

Section   6  7  8  9  10 

Seventh  design   57.22  53.43  49.15  44.72  44.03 

Eighth  design   58.96  55.77  51.19  47-i8  46.03 

Ninth  design   57.57  54.17  49-55  45-46  44-32 

The  thickness  of  the  web  in  the  eighth  and  ninth  designs  is      inch  in 
the  first  two  divisions  from  the  end,  \  inch  in  the  next  division, 
in  the  next  four  divisions,  and  \  inch  in  the  following  three  divisions 
to  the  crown  of  the  arch.    In  the  seventh  design  the  required  flange 
areas  vary  from  98.2  to  100  per  cent,  of  the  corresponding  areas  in  the 
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ninth  design,  while  in  the  eighth  design  they  range  from  98.5  to  103.9 
per  cent.    The  flange  areas  finally  adopted  were  the  following  : 


Sections 

0-2 

2-4 

4-6 

6-8 

8-10 

Seventh  design  __. 

-  54-00 

59-25 

59-25 

57-75 

49-50 

Eighth  design 

-  53-25 

60.75 

60.75 

59-25 

51.75 

Ninth  design 

-  54-00 

60.00 

60.00 

57-75 

49-50 

Excluding  the  stiffeners  and  splices  which  may  be  assumed  as  equal  in 
the  two  cases  the  amount  of  material  used  in  the  eighth  design  is  1.28 
per  cent,  greater  than  in  the  ninth  design. 

It  is  seen,  therefore,  that  this  great  increase  in  rise  has  served  to  re- 
duce the  effect  of  the  rib  shortening  very  materially  and  that  for  a  rise 
exceeding  one-fifth  of  the  span  it  might  be  omitted  in  the  computation. 
In  view  of  the  slight  excess  of  material  in  the  eighth  over  that  in  the 
ninth  design,  all  the  statements  made  in  comparing  the  designs  for  the 
arch  rib  with  a  rise  of  one-tenth  of  the  span  may  be  applied  to  all  inter- 
mediate values  of  the  rise  up  to  one-fifth  of  the  span. 

On  comparing  the  material  in  the  arch  ribs  exclusive  of  the  stiffeners 
and  splices,  the  ninth  design  requires  only  about  71  per  cent,  of  the 
material  needed  for  the  sixth  design. 

The  thesis  of  Mr.  Gibbs  from  which  the  data  in  Tables  I,  II  and  IV 
are  abstracted  represents  a  very  great  amount  of  painstaking  labor  as 
well  as  good  judgment  in  making  the  computations  for  the  designs. 
The  discussion  in  this  article  is  extended  somewhat  beyond  the  limits 
which  Mr.  Gibbs  set  for  himself,  and  the  results  of  some  additional 
computations  are  included. 
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STAND-PIPE  AND   PUMP-HOUSE  FOUNDATIONS. 


A.   E.   DUCKHAM,   C.E.,   PITTSBURG,  PA. 

Ill  the  .summer  of  1898  it  was  decided  to  build  a  pumping  plant  to 
supply  the  engines  and  blast  furnaces  of  one  of  the  largest  iron  and 
steel  firms  in  the  United  States  with  water  from  the  Monongahela 
River.  At  first  the  capacity  was  decided  upon  as  24,000,000  gallons 
(in  24  hours),  but  later  it  was  increased  to  36,000,000  gallons — or  two 
6,000.000  gallon  and  two  12,000.000  j)umps. 

Originally  the  stand-])ipe  and  ])ump-house  were  planned  to  be  on  one 
foundation  ;  but,  the  contractor  being  afraid  to  take  the  risk  of  crack- 
ing from  uneven  settlement,  it  was  sul)sequently  decided  to  place  them 
on  separate  foundations. 

As  shown  on  the  plans,  we  figured  on  225  ])iles  under  the  stand-pipe 
and  688  under  the  pump-house.  Tliis  was  on  the  basis  of  30,000 
pounds,  or  15  tons,  on  each  pile.  The  calculated  weights  of  the  two 
foundations  were  as  follows  : 

STAND-PIPE. 


Water  and  iron  in  stand-pipe   1,405,850  lbs. 

Stone  and  concrete   3,490,250  " 

Wood  in  grillage   580,800  " 

Total   5,476,900  lbs. 


Dividing  this  by  30,000  (for  each  pile),  we  get  182  piles;  but  we 
made  it  15  row'S  each  w^ay,  or  225  piles  for  the  additicjnal  pressure 
brought  by  the  leverage  of  wind. 

PUMP-HOUSE. 

Oak  in  grillage   2, 130,000  lbs. 

Stone  and  concrete   18,240,000  " 

Total  •   20,370,000  lbs. 

This  divided  by  30,000  gives  679  piles,  l)ut  to  make  the  rectangle  of 
the  rows  even,  we  made  it  688.  In  both  cases  we  neglected  the  buoy- 
ancy of  the  water,  as  being  on  the  side  of  safety. 

Figuring  for  the  stability  of  the  stand-pipe,  we  assumed  the  wind  as 
concentrated  at  a  point  half  way  up  and  exerting  a  pressure  of  30 
pounds  per  square  feet  on  the  cylindrical  surface.  The  pipe  being  135 
feet  high  and  the  foundations  43  feet  deep,  we  have  a  lever-arm  about 
the  foot  of  the  stone-work  of  110  feet.    The  lever-arm  of  the  masonry 

is  19  feet.    Then  ^  =26,300  lbs.  The  w^eight  of  masonry 
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=  5,477,000—  i,2y9,ooo  (weig^ht  of  water  displaced  b}'  foundation — 
allowing  for  bno\'ancy)  =  4,178,000  lbs.  Taking  moments  about  the 
heel  of  masonry  (or  point  of  overturning),  26,300  X  iioxS  — 
4,178,000  X  19=  o,  or  S  (the  factor  of  safety)  =  about  20. 

The  walls  are  of  ashlar  sandstone  backed  with  concrete,  the  wells 
and  canals  being  faced  with  vitrified  brick  laid  in  cement  mortar  ; 
though,  in  the  author's  opinion,  a  Portland  cement  facing  would  at 
least  have  answered  as  well  as  the  brick.  On  top  of  the  piles  is  a  grill- 
age composed  of  6  layers  of  12  x  12  in.  hemlock  timbers  and  a  layer  of 
3-incli  oak  planking  on  top  of  all  to  help  render  the  caisson  water  tight 
while  sinking,  this  latter  being  calked. 

The  piles  were  driven  and  cut  off  below  water  by  means  of  a  circular 
saw  driven  by  an  engine.  Around  the  heads  of  these  was  deposited 
cement  concrete,  which  was  leveled  by  dragging  a  steel  rail  across  the 
tops  of  the  piles.  Afterwards,  before  the  caisson  was  completely  sunk, 
a  diver  went  down  and  examined  the  foundation  to  see  that  all  was 
level  and  that  no  drift  had  gotten  in.  Tlie  caisson  was  built  by 
fastening  vertical  6x8  in.  timbers  to  the  grillage,  letting  them  into  the 
sides  of  the  top  timbers  and  spiking  them  fast.  To  these,  two  inch 
planking  was  fastened  horizontally  and  calked.  The  sides  were  then 
braced  across.  The  caisson  was  then  floated  and  secured  approxi- 
mately in  position  by  cables.  Upon  this  the  masonry  was  built  and 
the  caisson  sunk  by  the  weiglit  of  concrete  and  stone.  When  the 
caisson  was  within  a  few  inches  of  the  bottom,  it  was  accurately  lined 
into  position  and  guyed  securely  until  it  touched  the  top  of  the  piles. 
No  difficulty  was  experienced  while  doing  this  part  of  the  work, 
though  the  caisson  was  uiuisually  large,  being  50  X  150  feet,  and  very 
hard  to  brace  inside,  owing  to  the  many  openings — wells  and  canals. 
The  braces  inside,  to  prevent  the  pressure  of  the  water  from  pushing 
in  the  sides  of  the  caisson,  were  removed  as  the  masonry  was  put  in, 
and  their  places  supplied  by  short  struts  between  the  sides  of  the 
cai-sson  and  stonework. 

The  "intakes,"  which  supply  the  canals  and  wells  with  water  for 
the  pumps,  are,  as  shown  on  the  plan,  30  inches  in  diameter.  Only 
half  of  those  shown  are  to  be  used  at  present,  the  remainder  being  in- 
tended for  a  case  of  emergency  ;  for  example,  if  it  is  found  that  too 
much  drift  and  rubbish  from  the  river  should  get  into  the  pump-house 
canals,  a  filter  (made  of  wooden  cribbing,  stone  and  gravel)  will  be 
built  in  the  bed  of  the  river.  It  will  be  noticed  that  these  last  intakes 
are  lower  than  the  others  for  that  purpo.se.  All  are  closed  by  a  half- 
inch  cast-iron  cap  on  the  river  side.     The  intakes  now  to  be  used 


loo        Association  of  Civil  Engineers  of  Cornell  University. 


will  have  the  caps  removed  (they  are  only  calked  with  oakum  and 
clay,  being  held  in  place  by  the  water  pressure)  ;  the  others  will  re- 
main. These  intake  pipes  of  cast-iron  have  gates  or  valves  (similar  to 
those  used  on  a  water  main)  bolted  to  the  inside  flange  ;  as  also  have 
the  pipes  connecting  the  different  sets  of  canals. 

A  "syphon-pipe"  also  runs  the  entire  length  of  the  plant,  to  be 
used  with  a  jet  of  steam  to  pump  out  the  water  from  the  canals  and 
wells,  if  it  should  became  necessary  to  make  repairs.  In  this  case,  the 
gates  would  first  be  closed. 

All  the  water  after  entering  the  canals  is  screened  or  filtered  by  a 
screen  of  wooden  (yellow  pine)  frame  work  made  in  four  parts  for  each 
canal.  These  can  be  pulled  out  for  repairs,  sliding  up  like  a  window. 
The  frame  is  covered  with  No.  1 1  galvanized  iron  wire  with  one-quarter 
inch  mesh.  The  three  feet  next  to  bottom  of  canals  are  stationary  and 
made  of  two  inch  plank  spiked  to  the  stationary  frame  or  casing,  and 
at  the  bottom  to  the  grillage.  This  makes  the  screen  come  above  the 
"  mud  line."  As  will  be  seen  on  plan,  the  bottom  of  wells  and  canals 
is  the  top  of  grillage.  Arched  openings  admit  the  water  to  adjoining 
canals  and  wells  where  there  are  no  gates. 

Gratings,  made  of  2^"x  steel  flat  bars,  with  washer  separators 
between  and  connected  by  steel  rods  supported  on  I-beams  cover 
the  canals  and  wells. 

A  "  suction  pipe,"  as  shown,  runs  down  into  each  well  to  supply 
the  pumps  with  water. 

It  might  be  well  to  state  that  the  high-water  mark  is  at  elevation  732 
(above  mean-tide  at  Sandy  Hook),  and  that  the  normal  height  of  water 
is  710  ("pool-full");  the  Monongahela  river  being  a  navagable 
stream,  kept  so  by  dams.  The  site  of  the  water  works  is  above  dam 
No.  I.  The  elevation  of  pool-full  at  Pittsburg,  two  miles  below,  is 
704,  or  six  feet  lower. 

The  stone  used  was  Beaver  sandstone.  The  concrete  was  composed 
of  American  Portland  cement,  river  sand  and  gravel,  in  the  following 
proportions  :  i,  3  and  9.  The  cement  mortar  for  stone  and  brick  work 
was  mixed  with  sand  i  to  2.  These  gave  excellent  results,  though  a 
large  part  of  the  work  was  put  in  during  the  cold  weather  of  this  last 
winter.    The  work  was  under  the  eye  of  an  inspector  at  all  times. 

The  pump  house  is,  of  course,  under  roof.  It  is  covered  by  a  steel 
roof  on  steel  columns,  with  brick  "curtain  walls"  between.  But,  as 
our  topic  was  Foimdatioyis ,  we  will  not  concern  ourselves  with  it. 

It  is  to  be  hoped  that  this  article  may  interest  and  be  of  some  value  to 
those  engaged  in  similar  work.  If  it  does,  the  author  will  feel  amply 
repaid  for  his  time  and  trouble. 
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THE  PRESENT  STATUvS  OF  ENGINEERING  KNOWLEDGE 
RESPECTING  MASONRY  CONSTRUCTION. 


DAVID  MOLITOR,  M.  AM.SOC.C.E. 
I.  INTRODUCTORY. 

Masonry'  construction,  in  its  relation  to  engineering,  may  be  regarded 
as  the  origin  from  which  the  present  science  was  evolved  by  a  gradual 
progress  of  human  research  and  experience.  In  the  history  of  the 
world's  advancement,  it  constitutes  a  measure  of  the  degree  of  civiliza- 
tion. It  is  older  than  the  written  history  of  any  people  ;  it  ranks  as 
the  foremost  instance  in  the  adaptation  of  Nature's  forces  and  products 
to  the  uses  and  convenience  of  man  :  and,  as  an  engineering  subject, 
it  deserves  the  highest  considerations,  and  gives  birth  to  monumental 
works  which,  by  their  natural  beauty  and  lasting  qualities,  stand  as 
wonders  of  the  world. 

The  volumes*  treating  of  the  mechanics  of  engineering  construction, 
or  more  particularly  the  subjects  of  earth  pressure,  retaining  walls,  and 
masonry  arches,  constitute  a  very  voluminous  library.  It  would  re- 
quire many  years  of  patient  reading  to  review  only  the  most  important 
German,  French,  linglish  and  American  productions.  However,  to 
infer  from  this  that  our  knowledge  of  the  theories  of  masonry  structures 
has  advanced  to  a  state  commensurate  to  modern  engineering  science  is 
entirely  erroneous.  On  the  contrary,  this  vast  mass  of  literature  repre- 
sents in  reality  an  unceasing  effort  to  determine  a  few  complex  natural 
laws  by  an  endless  .series  of  mathematical  speculations  based  on  a 
meagre  assortment  of  experimental  data. 

The  truth  of  this  assertion  must  be  conceded  when  it  is  remembered 
that  all  of  our  theories  on  earth  pressure  are  derived  from  miniature 
laboratory  experiments,  generally  made  with  sand  or  grain,  and  under 
conditions  vastly  different  from  those  found  in  nature.  To  within  four 
j^ears  ago  experiments  relating  to  masonr}^  arches  were  limited  to  a 
very  few  of  almost  insignificant  character.  As  problems  of  this  nature 
can  be  solved  only  by  empirical  methods,  it  is  natural  to  conclude  that 
the  empirical  laws  found  apply  only  within  the  scope  of  the  experi- 
ments. Hence  earth  pressure  and  arch  theories  based  on  small  labora- 
tory tests  are  quite  worthless  when  applied  to  full  size  structures. 
Modern  writers  frequently  treat  of  these  subjects,  but  they  advance 
nothing  essentially  new.    Starting  from  the  same  erroneous  assump- 
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tions  employed  b}'  the  old  pioneers,  the}^  arrive  at  the  same  old  conclu- 
sions, though  the  intermediate  steps  ma}^  be  new  and  original.  Hence 
such  efforts  do  not  represent  real  progress. 

Much  credit  is  due  to  the  old  theorists,  among  whom  may  be  men- 
tioned Coulomb,  Poncelet,  Scheffler,  Culmann,  Redtenbacher,  Mohr, 
Considere,  Winkler,  Levi,  Rankine,  Wey ranch,  and  many  others. 
They  have  practically  exhausted  the  subject  as  far  as  the  meagre 
experimental  data  available  would  warrant,  and  since  the  time  of  their 
investigations  little  or  no  progress  has  been  made  toward  a  satisfactory 
solution  of  the  perplexing  problem  of  earth  pressure  upon  which  the 
analysis  of  a  large  class  of  masonry  structures  depends. 

Unlike  the  chaotic  condition  existing  in  regard  to  earth  pressure 
theories,  our  knowledge  of  constructive  details  has  steadily  increased 
and  many  modern  masonry  structures  stand  as  monuments  to  engineer- 
ing genius. 

Despite  the  test  of  time  which  the  numerous  engineering  stone  struct- 
ures of  past  ages  have  endured,  it  is  nevertheless  true  that  our  modern 
high  grade  masonry  generally  excels  in  quality  and  appearance  the 
famous  specimens  of  mediaeval  and  ancient  production.  However,  this 
is  not  generally  true  of  the  esthetic  feature  of  modern  designs. 

Our  modern,  practical,  improved  methods  of  construction  have  never 
been  excelled,  or  even  equalled,  and  this  feature  in  particular  is  entitled 
to  even  more  credit  as  pertaining  to  engineering  progress  than  would 
be  a  purely  theoretical  advancement. 

While  the  Pyramids  of  Egypt  are  still  recognized  as  a  "world 
wonder  ",  yet  the  conditions  under  which  they  were  produced,  if  known 
to  us,  would  pn^bably  permit  of  their  construction  now  as  well  as  in 
ages  past. 

The  wonderful  improvements  made  in  recent  years  in  the  manufacture 
of  cements  is  undoubtedly  responsible  for  much  of  the  success  attend- 
ing modern  achievements  in  masonry  construction. 

The  elaborate  arch  tests  made  in  1890-95  by  the  Austrian  Society  of 
Engineers  and  Architects  demonstrate  that  fixed  arches  may,  within 
certain  limits,  be  designed  and  constructed  by  the  methods  hitherto 
employed  without  incurring  more  error  than  is  inherent  in  the  nature  of 
the  problem,  but  the  inference  frequently  drawn  from  these  tests 
regarding  the  applicability  and  reliability  of  past  theory  and  practice 
respecting  long  span  fixed  masonry  arches  is  somewhat  erroneous.  In 
fact  these  experiments  show  conclusively  that  fixed  masonry  arches 
invariably  fail  by  flexure  and  not  necessarily  by  compression,  as  under 
heavy  loading  the  masonry  breaks  its  continuity  at  the  haunches  and 
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later  at  other  points,  creating  flexible  or  hinged  joints,  and  failure 
finally  occurs  by  a  collapse  of  the  masonry  at  the  points  so  weakened. 

In  the  Hght  of  these  tests,  therefore,  it  would  seem  proper  to  provide 
artificial  hinges,  thereby  making  the  masonry  arch  susceptible  of  rigid 
analysis,  permitting  higher  unit  working  stresses,  and  obviating  the 
danger  of  objectionable  and  often  serious  cracks  generally  occurring  in 
large  arches.  This  idea,  after  passing  through  various  primitive  stages 
in  its  development,  finally  resulted  in  the  production  of  a  perfect  three- 
hinged  masonry  arch  of  which  type  numerous  masonry  and  concrete 
bridges  have  recently  been  erected  in  Germany.  They  have  proven  a 
success  and  virtually  mark  a  new  era  in  masonry  arch  construction, 
as  the  introduction  of  hinges  has  removed  the  innumerable  difficulties 
attending  the  computation  and  construction  of  large  masonry  arches. 

In  the  following,  the  subject  is  considered  more  in  detail  under 
separate  headings. 

2.   EARTH  PRESSUE  THEORIES. 
THEORIES  IN  COMMON  USE. 

Classification  of  theories.  These  may  be  divided  into  two  principal 
classes. 

First,  those  in  which  it  is  assumed  that  when  the  retaining  wall  of  an 
earth  bank  fails,  a  prism  of  the  supported  earth  severs  its  connection 
from  the  bank  and  slides  on  a  plane  surface  called  the  surface  of  rupture. 
This  is  called  the  "  theory  of  the  prism  of  maximum  pressure",  origi- 
nated by  Coulomb,  Poncelet  and  Scheffler,  and  was  solved  graphically 
by  Professors  Mohr  and  Karl  von  Ott. 

The  second  class  is  founded  on  the  theory  of  conjugate  pressure. 
The  differential  equations,  representing  the  equilibrium  of  a  particle  of 
earth  in  the  interior  of  a  mass,  are  applied  to  any  point,  in  this  mass, 
and  by  integration,  the  total  resultant  earth  pressure  is  found.  This 
theory,  proposed  by  Rankine,  Levi^^  Con^idere,  St.  Venant,  Winkler, 
Mohr  and  Weyrauch,  is  called  "  the  theory  of  earth  pressure  in  the  in- 
definite mass."  The  graphical  solutions  of  Profes.sors  Culmann, 
Scheffler,  Karl  von  Ott,  Winkler,  and  Chas.  E.  Greene  are  based  on 
this  theory. 

Assumptions.  These  theories  are  based  on  certain  assumptions,  and 
when  applied  to  retaining  walls  give  rise  to  contradictions  which  cannot 
be  harmonized  with  facts  observed  in  practice.  While  this  is  not  sur- 
prising, especially  when  all  the  phases  of  the  problem  are  considered 
together  with  the  very  limited  experiments  upon  which  the  theories  are 
based,  yet  it  is  very  perplexing  and  often  discouraging  to  the  practicing 
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•engineer,  who  considers  himself  a  member  of  a  learned  profession, 
when  he  begins  to  realize  his  inability  to  solve  what  appears  to  be  a 
most  simple  problem  in  engineering  mechanics. 

The  assumptions  are  as  follows:  i.  That  a  certain  kind  of  earth 
possesses  a  certain  constant  angle  of  repose.  2.  That  when  an  earth 
bank  is  artificialh'  constructed  with  a  slope  exceeding  the  angle  of 
repose  for  that  material,  a  certain  prism  will  sever  its  connection  from 
the  remaining  earth  and  slide  into  a  new  position  of  equilibrium.  This 
surface  of  separation,  called  "  the  plane  of  rupture  ",  is  assumed  to  be 
a  plane  surface.  3.  That  the  resultant  earth  pressure  exerted  b}-  such 
a  sliding  prism  against  the  back  of  a  retaining  wall  acts  upon  that  wall 
in  a  direction  which  may  vary  between  the  limits  of  being  parallel  to 
the  surface  of  the  retained  earth,  to  making  the  angle  of  repose  of  the 
earth  with  the  normal  to  the  back  of  the  wall.  4.  That  the  resultant 
earth  pressure  has  its  point  of  application  at  a  height  above  the  base  of 
the  wall  equal  to  one-third  the  height  of  the  wall. 

Accepting  these  assumptions,  the  plane  of  rupture  and  the  resultant 
earth  pressure  become  definite  and  determinable,  when  the  question  of 
cohesion  is  neglected. 

It  will  now  be  shown  that  these  assumptions  are  all  materially 
erroneous,  approaching  somewhat  the  truth  for  dry  sand,  but  departing 
therefrom  for  other  materials,  such  as  common  surface  loam,  clay,  marl, 
and  mixtures  of  these  with  each  other  or  with  sand. 

Angle  of  repose  ajid  surface  of  rupture.  To  prove  the  fallac}'  of 
assumptions  i  and  2,  it  will  be  necessary  to  review  the  results  of 
experiments  on  high  embankments  given  in  a  paper  on  "  Landslides  " 
by  the  writer,  see  Journal  Association  of  Engineering  Societies,  Vol. 
XIII,  No.  I,  January,  1894.  This  subject  will  be  taken  up  later,  and 
only  a  passing  reference  here  will  suffice  for  the  present  purpose. 

A  sliding  embankment  representing  the  actual  conditions  which 
obtain  when  earth  is  deposited  at  a  steeper  slope  than  is  permissible,  is 
•shown  in  fig.  i,  where  the  material  was  Turneri  clay.  From  this  and 
a  number  of  similar  experiments  for  embankments  of  different  heights 
it  was  found  that  the  angle  of  repose  for  the  same  material  was  not  by 
any  means  a  constant,  but  an  inverse  function  of  the  height  of  the  fill. 
Also,  that  the  surface  of  rupture  had  no  resemblance  to  a  plane,  but 
was  practically  an  hyperbola  in  section.  This  fairly  represents  the  dis- 
parity existing  between  results  obtained  from  small  laboratory  experi- 
ments and  actual  cases  as  they  occur  in  construction. 

Direction  of  Pressure.  The  third  assumption  regarding  the  direction 
of  the  resultant  earth  pressure  is  probably  nearer  to  the  facts  than  any 
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of  the  others,  tiiough  the  following  considerations  are  offered  :  Ac- 
cording to  Rankine  and  others,  this  direction  is  parallel  to  the  surface 
slope,  and  according  to  the  majority  of  writers  the  resultant  makes  the 
angle  of  repose  of  the  material  with  the  normal  to  the  hack  of  the  wall. 
The  former  theory  is  not  rational  because  the  direction  of  motion  of 
the  sliding  prism  is  not  governed  by  the  direction  of  the  surface  of  the 
slope  but  is  largely  de})endent  on  the  surface  of  rupture.  The  sliding 
prism  glides  on  the  surface  of  ru])ture  and  the  direction  of  motion  will 
be  parallel  to  that  surface  until  the  resistance  of  the  wall  changes  this- 
direction.  When  this  occurs,  then  the  direction  of  the  resultant  pres- 
sure must  of  course  make  the  angle  of  repose  with  the  normal  to  the 
back  of  the  wall,  but  in  the  instant  after  rest  is  restored  the  direction 
of  this  pressure  returns  to  its  former  position.  It  is  readily  understood 
that  the  i)ressure  is  a  maximum  when  there  is  absolutely  no  motion 
and  that  in  the  instant  when  motion  occurs  by  partial  giving  way  of  a 
wall,  the  pressure  changes  its  direction  and  diminishes  in  intensity^ 
thus  relieving  the  wall  of  a  portion  of  its  burden  and  establishing  a 
temporary  state  of  rest. 

Hence,  in  designing  a  wall  the  direction  of  pressure  should  be  taken 
for  the  state  of  rest  when  the  effect  will  be  a  maximum,  as  otherwi.se  a 
motion  is  necessary  to  permit  the  earth  to  establish  a  frictional  resist- 
ance with  which  to  diminish  its  direct  pressure  against  the  back  of  the 
wall. 

Point  of  application.  The  fourth  assumption,  that  the  point  of  ap- 
plication of  the  resultant  earth  pressure  is  above  the  base  of  the  wall 
by  a  distance  equal  to  one-third  the  height  of  the  wall,  could  be  true 
onl}^  for  a  perfect  liquid,  in  which  the  pressure  increases  with  the 
depth  below  the  surface  and  the  distribution  of  pressure  is  represented 
by  a  triangle.  Were  the  earth  an  inelastic  solid  then  the  point  of  ap- 
plication of  the  resultant  would  be  at  half  the'height  of  the  wall  and 
the  pressure  would  be  uniform  and  be  represented  by  a  rectangle. 
However,  neither  assumption  is  correct  but  the  two  cases  cited  are  the 
extreme  limits,  and  since  earth  is  neither  liquid  nor  solid,  the  point  of 
application  must  be  located  somewhere  between  ^  and  ^  the  height 
of  the  wall  above  its  base.  Hence  the  pressure  w^ould  be  distributed 
according  to  some  parabolic  curve  of  the  second  or  higher  degree,  with 
its  vertex  at  the  top  of  the  wall. 

The  general  condition  being  more  nearly  solid  than  liquid,  the  point 
is  probably  about  0.45  of  the  height  of  the  wall  above  its  base,  vary- 
ing between  small  limits  dependent  on  the  amount  of  moisture  con- 
taiuel  in  the  eKth.    T.iis  is  substanti \tei  by  a  few  experiments,  made 
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by  a  French  engineer,  ]ve3'gue,  published  in  Annales  des  ponts  etchaus- 
sees,  1885,  II,  p.  788. 

VARIOUS  RECENT  THEORIES. 

Foremost  among  these  may  be  mentioned  the  theory  proposed  in 
1885  by  the  French  engineer,  lyeygue,  previously  referred  to  in  this 
paper,  and  one  b\^  M.  Chaudy,  in  Memoires  et  Compte  Rendu  des  Tra- 
vaux  de  la  Societe  des  Ingenieurs  Civiles,  Decembre,  1895,  discussed 
by  G.  C.  Maconch}^  in  London  Eyigineering  of  August  26,  1898. 

Leygue  bases  his  theory  on  experiments  performed  by  himself  with 
sand  and  grain  from  which  he  determines  values  for  the  empirical  vari- 

able  coefficient  in  the  equation  E  =  ,  in  which,  E  is  the  horizon- 

2 

tal  component  of  the  resultant  earth  pressure,  g,  the  weight  of  one 
cubic  meter  of  material,  and      the  height  of  the  wall. 

The  theory  of  Chaudy  results  in  the  same  equation  in  which  the  em- 
pirical variable  c  is  theoretically  deduced. 

All  the  older  theories  are  based  on  this  same  equation  and  hence  the 
recent  contributions  just  mentioned  differ  from  them  merely  in  the 
values  assigned  to  this  variable  coefficient. 

If  earth,  or  earthy  materials  in  general,  were  possessed  with  proper- 
ties similar  to  water  in  which  friction  between  the  particles  is  constant 
and  differing  only  in  degree  for  the  case  of  liquids  of  different  density 
and  viscosity,  then  the  above  form  of  equation  might  be  accepted  as 
rational.  However,  it  is  a  well  established  fact  that  earthy  materials 
retain  their  shape  by  virtue  of  frictional  resistance  combined  with 
cohesion  between  the  particles.  Hence  the  law  of  equilibrium  must, 
of  necessity,  differ  widely  from  that  observed  for  liquids  and  in  all 
probability  the  above  equation  is  incorrect  in  form,  which  would  ex- 
plain the  reason  why  none  of  the  methods  hitherto  proposed  are  general 
in  their  application  to  all  retaining  wall  problems. 

Leygue  shows  experimentally  on  a  small  scale  that  the  point  of  ap- 
plication of  the  resultant  thrust  is  at  a  point  varying  between  0.38^ 
and  0.5^  above  the  base  of  the  wall.  To  this  extent  he  has  revealed 
a  new  fact  which  corresponds  well  with  modern  views.     Chaudy  still 

insists  on  having  the  point  of  application  at  —  above  the  base  of  the 

3 

wall. 

A  rational  theory  of  retaining  walls  (so-called)  was  published  by  R. 
Iszkovvski,  in  O^sterreicli.  Monatschr.  fuerden  oeffentlichen  Baudienst 
of  June,  1898.    Tliis  theory  is  bisad  011  sub^titutioii  of  a  prism  of 
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masonry  having  a  resisting  moment  to  overturning  equal  to  the 
moment  of  a  triangular  earth  prism  included  between  the  slope  of  re- 
pose and  a  vertical  plane  through  the  crest  of  the  slope  of  a  given 
embankment.  This  slope  of  repose  is  supposed  to  be  such  a  slope  as 
would  result  by  filling  earth  behind  a  vertical  wall  which  latter  is  sud- 
denly removed  thus  allowing  the  retained  earth  to  establish  a  natural 
slope. 

The  fallacy  of  tiie  argument  is  essentially  in  assuming  that  a  prism 
of  earth  can  exert  an  overturning  moment  about  an  edge,  which  is  im- 
possible. This  can  only  be  realized  by  a  solid  of  sufficient  strength  to 
resist  its  weight  on  one  edge,  and  even  in  the  case  of  masonry  such  a 
point  is  found  near  Yi  the  base  from  the  compressed  edge.  The  data 
for  determining  the  surface  of  repose  is  such  as  may  be  found  in  older 
text  books  and  could  not  rationally  be  applied  in  the  manner  indicated 

by  the  author.  The  value  of  E  is  again  a  function  of  *    .    The  paper 

2 

is  interesting,  but  unfortunately  does  not  increase  our  knowledge  of 
the  subject. 

A  NEW  THEORY  OF  EARTH  PRESSURE. 

General  remarks.  The  difficulty  attending  the  evolution  of  a  new 
theory  of  earth  pressure  may  be  appreciated  by  the  fact  that  so  little 
progress  has  been  accomplished  in  the  past  25  years,  despite  the  many 
efforts  made  to  advance  our  knowledge  on  this  obscure  branch  of 
engineering  science. 

While  the  method  proposed  in  the  following  may  be  open  to  criticism, 
j^et  it  is  thought  to  embody  the  most  recent  ideas  and  experimental 
data  available.  The  method  is  not  claimed  to  be  perfect  by  any  means, 
but,  being  based  on  facts  which  are  not  much  in  error  though  at  vari- 
ance with  previous  assumptions,  the  best  results  attainable  with  the 
present  status  of  our  knowledge  are  expected  therefrom. 

The  .subject  of  earth  pressure  will  not  be  definitely  understood  until 
some  government-,  or  institution  of  learning  shall  spend  a  few  thousand 
dollars  on  large  experiments,  as  was  done  by  the  Austrian  Society  of 
Engineers  and  Architects  in  1890-95,  to  solve  the  mystery  of  fixed 
arches.  A  satisfactory  solution  of  this  perplexing  subject  is  con.sidered 
attainable  if  the  proper  method  is  employed,  and,  viewed  in  this  light, 
the  neglect  to  undertake  its  solution  must  .stand  as  a  blemish  on  the 
profession.  In  the  meantime  the  best  available  data  must  be  utilized  to 
the  best  advantage. 

Before  entering  on  this  subject  it  will  be  neces.sary  to  abstract  the 
results  pertaining  to  the  surface  of  rupture  and  angle  of  repose  as  found 
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from  experiments  by  the  writer,  published  in  the  Journal  of  Engineer- 
ing Societies,  vol.  XIII,  Januar}',  1894.  These  experiments  were  in- 
cidental to  construction  work  on  the  German  government  railroad 
Weizen-Immendingen,  a  section  of  which  was  projected  and  built  under 
the  writer's  charge  in  1887-1890. 

The  material  consisted  mostly  of  Opalinus  and  Turneri  clays,  of 
which  about  a  half  million  cubic  meters  were  handled  in  the  construc- 
tion of  railroad  embankments,  varying  in  height  up  to  18  meters. 
These  banks  were  all  constructed  with  to  i  slopes,  and  in  the  course 
of  a  few  months  the  material  assumed  a  natural  slope  which  differed  for 
embankments  of  different  heights.  In  passing  from  the  artificial  to  the 
natural  slopes,  the  material  usually  separated  along  a  distinct  plane  of 
rupture,  which,  together  with  the  final  slope  of  rest,  or  angle  of  repose, 
was  carefully  measured.  These  aggravating  mishaps,  however,  make 
up  an  extensive  series  of  elaborate  experiments,  on  which  the  new 
theory  is  based. 

To  increase  the  value  of  these  experiments  a  description  of  the 
material  used  is  here  given. 

Opalinus  and  Turneri  clays  are  almost  identical  in  appearance  and  in 
composition,  and  it  would  be  difficult  to  distinguish  between  them  were 
it  not  for  the  strata  by  which  they  are  separated.  The  Opalinus  clay, 
varying  in  vertical  depth  from  45-75  meters,  is  found  in  the  lower 
Oolitic  and  immediately  above  the  upper  Liassic  epoch.  The  Turneri 
clay,  with  a  vertical  depth  of  from  15-21  meters,  is  located  in  the 
middle  Liassic  immediately  above  the  strata  of  the  lower  Liassic.  Both 
clays  contain  iron,  and,  when  the  atmosphere  and  water  have  not  come 
in  contact  with  them,  they  may  be  of  a  steel  gray  or  blue  color.  The 
usual  color,  however,  is  brown  or  that  of  ferric  oxide,  and  the  presence 
of  a  slight  percentage  of  finely  divided  silica  causes  them  to  glisten. 
In  the  natural  state,  whether  blue  or  brown,  these  clays  are  very  hard, 
almost  slaty,  but,  on  being  exposed  to  the  atmosphere  and  water,  they 
disintegrate  into  a  fine  powder  which,  when  wet,  presents  all  possible 
properties  objectionable  to  the  engineer.  The  weight  of  a  cubic  meter 
of  this  clay  in  a  naturally  damp  condition  is  about  1900  kilograms.. 

The  Angle  of  repose  was  found  to  be  a  variable  depending  on  the 
height  of  the  fill.  The  actual  surface  of  repose  is  not  a  plane  but  a 
curved  surface  as  shown  in  fig.  i.  However,  for  practical  purposes  an 
average  plane  was  taken.  From  the  various  embankments  which  were 
constructed  in  Opalinus  and  Turneri  clays,  and  from  the  numerous 
slides  which  occurred  in  this  material,  the  following  data  (which  are 
probably  near  enough  to  the  facts  for  all  practical  purposes)  were 
collected. 
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Table  showing  relation  between  //and  p,  for  Opalinus 
and  Turneri  Clavs. 


Height  of  embankment  H__ 

Angle  of  repose  p  

Corresponding  slope  

Tangent  of  p  


o — im 

2 — 

5— low 

10 — 13W 

13— 15W 

45°oo' 

26°4o^ 

24°oo^ 

22°00^ 

I  :  I 

A  :  I 

2  :  I 

2^:1 

I.OO 

0.66 

0.50 

0.44 

0.40 

[5 — 2o;« 
18° 10' 
3  :  I 
0-33 


Hence,  for  any  given  H  the  corresponding  value  of  tang  p  may  be 
taken  from  the  ai)ove  table. 

As  far  as  is  known,  this  law  applies  to  all  materials  varying  only  in 
degree,  being  less  marked  for  sand  or  sandy  loam  than  for  clay. 
However,  no  experiments  on  large  sand  embankments  are  at  hand  to 
verify  this  supposition. 

The  surface  of  rnpture  is,  not  a  plane,  but,  a  curved  surface  whose 
normal  cross-section  is  an  hyperbola  as  is  seen  from  the  example  shown 
in  fig.  I. 

Fig.  I  represents  a  cross-section  of  a  slide  showing  the  'proposed 
slope  or  original  condition  of  the  embankment,  the  actual  .surface  of 
repose  after  the  slide  had  established  permanent  conditions  of  equili- 
brium, and  the  actual  surface  of  rupture  corresponding  to  this  surface 
of  repose. 

Let  A  B  C  he  a  given  embankment,  which,  by  virtue  of  the  .steep- 
ness of  the  slope  C  B,  slides  into  the  position  represented  by  the  dotted 
curved  line  D  E  K.  The  sliding  takes  place  on  the  siirface  of  rnpture 
D  K.  After  complete  equilibrium  is  established  between  the  embank- 
ment and  the  moving  mass,  the  surface  line  A  B  assumes  the  position 
D  E,  while  the  slope  line  B  C  takes  the  irregular  curve  E  K,  the  actual 
surface  of  repose. 

The  portion  A  D  M,  left  standing,  will  have  no  influence  on  the 
sliding-  mass,  and  the  level  of  the  embankment  is  practically  changed 
to  D  E.  The  depression  from  A  B  to  D  E  could  of  course  be  filled  up 
and  thus  cause  the  mas.ses  to  slide  farther  and  to  comply  with  the  con- 
ditions imposed  by  the  extra  loading.  The  load  A  B  D  E  would  also 
drop  to  .some  new  position  intermediate  between  A  B  and  D  E,  and, 
after  a  number  of  repetitions  of  this  process,  the  conditions  of  the 
equilibrium  for  an  embankment  of  height  O  A  might  be  found,  but 
this  would  lead  to  the  same  general  law  that  obtained  by  assuming  the 
portion  ADM  removed. 

For  practical  and  theoretical  reasons,  the  actual  curved  surface  of 
.slope  is  assumed  to  be  replaced  b}-  a  plane  A^A^.  This  will  produce 
little  or  no  difference  in  the  results  and  will  conform  with  the  usual 
manner  of  grading.     The  angle      A"  O  which  the  plane      A"  makes 
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with  the  horizontal  K  O  called  />.  This  angle  is  found  to  vary  with 
the  height  O  D  H. 

It  was  found,  from  numerous  slides,  that  in  this  material  (Opalinus 

and  iurneri  clays),  the  ratio           =  —  =  —  nearl3^ 


OD  H 


Hence  the  distance 

0K=  L  =  vi  + 


V  tan.o./ 


(I) 


H 

tan./o         V"      tan.  p. 
Taking  the  horizontal  line  O  K  through  the  foot  of  the  slope,  and 
the  vertical  O  D  through  the  point  of  rupture  D  at  the  crown  of  the 
fill,  as  axes  of  co-ordinates,  an  equation  representing  the  surface  of 
rupture  may  then  be  found. 

Assuming  the  curve  to  be  an  hyperbola  whose  asymtotic  axes  are 
parallel  to  the  axes  /9  A'and  O  D,  its  equation  must  be  of  the  form  : 

{x  ^- a)  iy  ^  b)  =  c  (2) 

where  a  and  b  are  the  perpendicular,  off-sets  between  the  asymtotes 
and  the  axes  6^  A' and  O  D,  and  <:  is  a  constant  depending  on  the 
eccentricity  of  the  curve. 

Taking  the  co-ordinates  of  the  curve  D  A"  from  the  figure,  substitut- 
ing these  in  the  above  eq.  (2),  then  solving,  from  each  successive  three 
equations,  for  a,  b  and  c,  and  averaging  these  results,  values  are  ob- 
tained which  may  be  substituted  in  eq.  (2). 

It  is  found,  from  numerous  curves  of  rupture  and  for  various  heights 
H,  that  these  constants  bear  the  following  approximate  relations  to  H 

and  p  ;  or,  indirectly,  to  L,  since  L  =  H\  4  -f     ^  |. 

V  tan.py 

a  =  ^,   b  —  ^,   therefore  c  =  ^^^  =  6ab  (3) 
5  5  25 

Solving  the  above  eq.  (2)  ior  y,  and  substituting  from  eq.  (3),  for 
c  —  ab,  its  value  ^  a  b, 

_^ab  —  bx      II  {L  —  x) 
a     X  L  —  ^  X 


y  = 


(4) 


Table  of  Comparison  of  Observed  and  Computed  Values 
of  y  for  Diagram  in  Fig.  i  : 


■  -1  ° 

3  1  4 

6 

8 

10 

12 

14 

i6 

18 

20 

22 

24 

26  28 

30 

31-5 

observed  1/  .  .  . 
Computed  y  .  ,  . 

.  .  !  12.2 

9.0  6.7 

5-3 

4.2 

3-2 

2.7 

2.2 

1.8 

1.4 

I.I 

0.9 

0.7 

0.5 !  0.3 

0.2 

0.0 

,  .  1 12.2 

8.7  i  6.6 

5-1 

4.1 

3-3 

2.7 

2.1 

1.8 

1.4 

I.I 

0.9 

0.6 

0.4  1  0.3 

0.14 

0.0 

The  curve  of  rupture  may  then  be  plotted  for  any  case  in  question 
provided  H  and  p  are  given. 
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The  above  conclusions  seem  to  apply  to  most  other  materials  except 
as  to  the  degree  of  curvature  of  the  surface  of  rupture  which  for  sand 
would  approach  a  plane  surface,  as  is  indicated  by  small  experiments, 
although  not  much  reliance  can  be  placed  on  any  such  conclusions- 


ri|.l 


20  30  40  SOFftT. 


unless  they  are  based  on  the  actual  behavior  of  large  masses  of  sand,, 
for  which  no  experiments  have  as  yet  been  made. 

Time  is  also  an  important  factor  in  deciding  on  what  actually  takes 
place  when  a  mass  of  earth  is  deposited  for  the  purpose  of  obtaining  its 
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angle  of  repose.  It  may  require  six  or  eight  months  for  a  slope  to 
change  from  its  original  to  its  stable  condition,  and  if  the  difference  be- 
tween the  two  is  but  slight,  it  may  require  years.  In  the  latter  case  it 
may  take  place  by  gradual  settlement  without  showing  sudden  motion. 

It  will  be  observed  that  the  term  "  angle  of  repose  "  is  here  used  to 
signif}'  the  natural  slope  which  a  certain  material  acquires  when  exposed 
to  the  elements,  and  hence  is  dependent  on  the  friction  and  cohesion 
existing  between  particles  of  earth.  The  term  as  commonly  under- 
stood applies  to  friction  between  particles  of  loose,  dry  earth  without 
cohesion. 

The  conditions  of  equilibrium  for  a  certain  mass  of  earth,  as  deter- 
mined experimentally,  are  illustrated  in  fig.  i.  Accordingly,  any  load 
imposed  on  the  top  of  the  embankment  along  D  E,  or  on  the  slope  near 
E,  will  disturb  the  equilibrium  of  the  sliding  prism  and  will  cause  the 
latter  to  move  to  a  new  position  of  rest.  Also  any  additional  mass 
placed  on  the  slope  near  the  point  K  will  hinder  sliding.  Hence,  in  the 
nature  of  the  case,  tlie  sliding  prism,  as  determined  in  the  preceding, 
represents  the  limiting  case  of  equilibrium  resulting  from  the  balance 
between  gravity  forces  and  internal  friction  and  cohesion  of  the  material. 

Therefore,  the  sliding  prism  D  N  K  in  its  limiting  condition  of  rest, 
exerts  a  tendency  down  the  surface  of  rupture  D  K  just  equal  to  the 
maximum  resistance  /  which  the  underlying  earth  is  able  to  offer  against 
sliding  along  this  surface  of  rupture  ;  therefore,  any  additional  material 
added  to  the  prism  D  N  K  will  cause  an  increased  tendency  down  the 
surface  D  K,  which  cannot  be  balanced  by  the  resistance  /,  and  motion 
will  ensue. 

This  frictional  and  cohesive  resistance  when  determined,  will  repre- 
sent the  maximum  total  resistance  whicii  can  be  exerted  on  any  mass  of 
earth  between  the  foot  of  the  slope  K  and  the  top  of  the  bank  at  N,  and 
any  material  in  excess  of  the  prism  D  N  K  will  exert  a  downward  tend- 
ency on  the  surface  D  K  which  must  be  resisted  by  a  wall  at  K. 

To  determine  the  frictional  resistance  /,  necessary  to  hold  in  equilibrium 
the  prism  D  N  K,  it  is  necessary  to  find  the  resultant  tendency  of  this 
prism  down  the  surface  D  K  for  the  limiting  case  of  equilibrium  (see 
fig.  2,  in  which  a  section  of  unit  thickness  is  considered). 

If  the  area  of  the  sliding  prism  D  N  K  be  divided  vertically  into 
laminae  or  sections,  then  the  weight  of  each  section  will  have  a  com- 
ponent t^  parallel  to  the  surface  of  rupture  immediately  below  the  sec- 
tion and  another  component  n^,  normal  to  this  surface.  In  the  limit- 
ing condition  of  equilibrium  this  parallel  or  tangential  component  t^, 
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representing  the  downward  tendency  on  an  inclined  plane,  fig.  2  b, 
must  be  exactly  balanced  by  the  frictional  and  cohesive  resistance 
existing  along  the  surface  of  rupture  D  K.  This  is  only  true  in  the 
limiting  case.  Hence  the  resultant  of  all  the  tangential  forces  along 
the  surface  of  rupture  will  represent  the  downward  tendency  of  the 
sliding  prism.  This  resultant  must  be  equal  and  opposite  to  the  resist- 
ance /,  which  latter  is  found  graphically  in  fig.  2  c. 

To  find  the  earth  pressure  on  the  back  of  a  retai?iing  wall,  fig.  3,  it  is 
only  necessary  to  determine  the  downward  tendency  7" of  the  sliding 
prism  D  S  V K,  on  the  surface  D  K,  in  the  manner  indicated  for  find- 
ing the  frictional  resistance  /,  then  knowing  the  direction  and  magni- 
tude of  /  and  T,  they  may  be  made  to  form  a  triangle  in  which  the  re- 
sultant earth  pressure  E  is  the  unbalanced  force,  fig.  3  b. 

Hence,  the  direction  and  magnitude  of  the  resultant  earth  pressure 
are  found  directly  and  its  point  of  application  is  taken  at  0.45  A"  K 
abov^e  the  point  A"  in  accordance  with  the  previous  discussion. 

Another  problem,  without  surcharge,  is  solved  in  fig.  4,  where  the 
earth  pressure  is  also  found  graphically  by  the  method  given  by  Prof. 
Karl  V.  Ott,  in  which  the  area  of  the  shaded  triangle  is  sq.  meters, 
multiplied  by  the  weight  of  i  cu.  meter  of  the  material,  {g  =  1900  klg.) 

gives  the  resultant  earth  pressure  acting  at          above  K.     For  this 

3 

solution  E'  =  21."]  g ,  agreeing  closely  with  the  result  found  by  the 
new  method  except  as  to  point  of  application. 

In  all  of  the  above  solutions  it  is  advisable  to  use  areas  only  instead 
of  actual  weights  and  in  finding  the  opposing  moment  offered  by  the 

masonry  wall,  the  area  of  the  wall  is  multiplied  by  —    to    reduce  to 

g 

equivalent  mass  of  earth.  In  the  above  this  ratio  was  taken  at  1.16 
by  assuming  j^'  =  2200  klgr.  for  masonr}-. 

The  direction  of  the  earth  pressure  as  found,  bears  no  relation  to  the 
direction  of  the  back  of  the  wall  and  this  is  as  it  should  be,  giving  the 
most  unfavorable  condition.  However,  the  resultant  thrust  in  being 
resisted  by  the  wall  must  necessarily  be  deflected  in  the  instant  when 
motion  occurs  either  of  the  earth  or  the  wall,  but  whenever  a  perfect 
state  of  rest  obtains,  then  the  thrust  probably  returns  to  its  original 
direction  of  maximum  effect. 

A  PROBABI.E  FUTI.RE  SOI.UTION. 

From  the  above  it  is  seen  that  the  older  theories  are  based  on  as- 
sumptions which  are  largely  erroneous  and  while  the  truth  may  be 
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more  closel}-  approximated  in  the  light  of  recent  experiments  and  ideas,. 
3'et  no  theory  has  as  yet  been  formulated  which  may  be  regarded  as 
perfect.  Therefore,  the  time  has  come  when  a  less  speculative  and 
more  accurate  method  would  be  highl}'  appreciated. 

The  simplest  problem  of  a  retaining  wall,  mathematically  treated, 
leads  to  quite  complicated  equations  and  in  general  the  graphical  treat- 
ment is  far  more  satisfactory,  being  more  readily  adapted  to  complex 
cases  and  affording  a  better  check  and  insight  into  the  otherwise  ob- 
scure analytical  methods.  For  this  reason  more  success  may  in  future 
be  expected  from  a  graphical  treatment. 

However,  to  reach  a  satisfactory  solution,  the  nature  of  the  materi- 
als involved,  the  many  variable  conditions  affecting  their  behavior, 
and  the  prime  importance  of  the  subject,  demand  far  more  than  mere 
mathematical  investigation.  The  only  promising  solution  will  proba- 
bly consist  in  an  experimental  or  deductive  determination  of  the  actual 
pressure  found  on  the  back  of  a  wall  under  various  conditions. 

It  may  seem  vain  to  attempt  the  exact  determination  of  a  function 
depending  on  such  variable  material  as  earth,  yet  for  a  given  kind  of 
earth  in  a  given  state  of  moisture,  a  definite  law  certainly  exists  and 
this  law  once  determined  for  different  conditions  of  the  same  earth 
would  enable  the  engineer  to  treat  the  problem  intelligently  and  to  es- 
timate the  probable  error  of  his  assumptions.  This  is.  by  no  means 
possible  at  the  present  status  of  our  knowledge. 

While  the  problem  is  not  considered  beyond  the  possibility  of  solu- 
tion, the  only  reason  for  a  failure  to  accomplish  this  end  has  been  a 
lack  or  funds  and  a  well  developed  plan  of  carrying  on  experiments. 
All  engineering  structures  should  be  so  designed  as  to  comply  with  the 
most  unfavorable  conditions  which  may  at  any  time  occur  consistent 
with  economical  requirements,  and  this  in  itself  is  sufficient  reason  why 
experiments  and  investigations  should  be  made  under  corresponding 
unfavorable  circumstances. 

Of  all  the  experiments  made,  or  to  be  made,  those  only  are  valuable 
which  are  conducted  under  the  actual  conditions  existing  in  nature  and 
of  these  the  extreme  cases  are  most  valuable  in  leading  to  proper  con- 
clusions. 

Experiments  performed  on  dry  earth  or  sand  are  of  little  or  no  value 
since  nature  always  supplies  a  certain  amount  of  moisture  which  at 
times  may  increase  to  the  limits  of  saturation,  thus  vastly  altering  the 
characteristics  of  the  material. 

The  effect  produced  by  moisture  on  earth,  or  sand,  has  been  ascer- 
tained to  be  about  as  follows  :    The  specific  gravity  increases  with 
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moisture  ;  the  friction  between  the  particles  is  a  maximum  for  the  dry 
state  and  diminishes  with  increased  moisture,  becoming  ahnost  nil  for 
the  state  of  saturation  ;  the  cohesion  is  increased  for  a  slight  degree  of 
moisture,  but  is  diminished  for  a  further  increase  and  is  nearly  de- 
stroyed for  the  case  of  saturation.  The  earth  pressure  generally  in- 
creases for  increased  moisture  and  becomes  a  maxinuim  for  the  satu- 
rated condition,  which  latttr  may,  however,  be  prevented  by  supplying 
proper  drainage  to  the  back  filling. 

It  seems  ])roper  here  to  suggest  a  method  for  the  successful  solution 
of  the  ])r()l)lem  of  earth  pressure  which,  at  ])resent,  constitutes  the  most 
deficient  brancli  of  engineering  science.  As  was  said  before,  this  may 
be  expected  only  from  an  elaborate  series  of  experiments  to  be  con- 
ducted on  a  plan  something  as  follows  : 

A  very  rigid  wall  slnnild  be  constructed  abont  20  ft.  high  and  per- 
haps 100  ft.  long  with  good  foundation  on  level  ground.  In  a  vertical 
section  near  the  central  portion  of  this  wall  a  series  of  pressure  gauges 
should  be  placed  .so  as  to  comnuuiicate  the  earth  pressure  to  indicators 
on  the  front  of  the  wall.  These  pressure  gauges  would  require  special 
design  in  order  that  they  may  fulfill  all  the  nece.ssary  requirements. 
The  pre.ssure  surface  might  then  be  covered  with  a  flexible  oiled  canvas 
to  prevent  the  earth  from  squeezing  in  between  the  gauges  and  the 
masonry. 

The  pressure  exerted  by  a  fill,  placed  back  of  this  wall,  could  now  be 
observed  for  an  extended  period  of  time  under  various  conditions  of 
moisture,  etc.,  and  when  all  desirable  measurements  were  made,  the 
material  could  be  remov^ed  and  another  kind  of  earth  used  to  continue 
the  experiments.  This  should  be  repeated  until  the  variety  of  material 
used  and  the  different  heights  emplo3'ed  would  cover  the  .sui)ject  in  a 
general  way. 

The  funds  for  such  experiments  could  probably  be  obtained  through 
an  appropriation  from  the  national  or  state  goverment  or  from  the 
National  Society  of  Civil  Engineers,  and  the  work  could  be  be.st  per- 
formed under  the  direction  of  .some  large  institution  of  learning.  It  is 
needless  to  mention  the  value  which  such  an  investigation  would  have 
for  the  profession  at  large,  and  the  engineering  students,  participating 
in  the  work,  w^ould  gain  a  very  valuable  experience.  * 

3.   DESIGN  AND  CONSTRUCTION  OF  RETAINING  WALLS. 

Without  attempting  to  enter  into  the  details  of  computation  involved 
in  ascertaining  the  stabilit}^  of  retaining  walls  and  which  may  be  found 
in  books  on  masonry  construction,  so  far  as  theory  is  applicable  to  the 
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subject,  it  is  intended  here  f?b  consider  more  particularly  the  economic 
features  of  design  in  connection  with  piactical  considerations  b}'  which 
safety  and  durability  in  construction  may  be  attained. 

Econoyny  in  design.  In  considering  a  wall  of  given  cross-section  the 
stability  is  attained  by  a  certain  necessary  mass  of  masonry  which,  by 
its  resistance  to  overturning,  must  sustain  the  pressure  of  the  retained 
earth.  The  quantity  of  masonr}'  necessary  to  fulfill  this  requirement  is, 
however,  entirely  dependent  on  the  manner  in  which  the  mass  of 
masonry  is  distributed  over  the  section.  That  is,  a  certain  earth 
pressure  may  be  sustained,  with  equal  .safety,  by  walls  in  which  the 
quantity  of  masonry  employed  ma}'  differ  by  100  percent.,  representing 
comparative  e(iononiy  in  design. 

The  important  effect  of  the  shape  of  a  wall  on  economy  of  material, 
is  clearly  illustrated  b}^  the  following  table  in  which  certain  relative 
dimensions  have  been  worked  out  for  different  batters  according  to 
Rankine's  theory  by  Prof.  E.  Haeseler.  In  each  case  the  back  filling 
is  as.sumed  level  with  the  top  of  the  wall  and  the  angle  of  repose  of  the 
material  is  taken  as  33°.  The  bottom  width  of  the  wall,  as  also  the 
area  of  cross-section,  A,  are  expressed  as  functions  of  the  height  of  the 
wall,  //.  ,     ,      ^  _^ 


No.  of 
Section. 

Batter  of 

g=-g'  and  /)  =  33°- 

g'  =  i.25g  and  /)  =  33°. 

Front 
Face. 

Rear 
Face. 

b=f{h). 

A=f{h}). 

I  ! 

Vert 

Vert.  ' 

0.350 

0.350 

0.320 

0.320 

2 

10:1 

Vert. 

0.327 

0.277 

0.300 

0.250 

3 

5:1 

Vert. 

0.307 

0.222 

0.287 

0.198 

4 

5:1 

10:1 

0.238 

0.199 

0.215 

0.174 

5 

Vert. 

5:1  i 

0.472 

0.372 

0.456 

0.356 

This  table,  which  is  quite  useful  in  taking  off  preliminary  values, 
.shows  that  section  No.  4  is  most  economical  while  No.  5  is  least  so. 
The  effect  which  the  shape  of  the  cross-section  bears  to  the  economy  in 
amount  of  ma.sonry  required  is  also  illustrated  by  the  two  solutions 
given  in  figs.  3  and  4. 

From  the  above  it  is  seen  that  tlie  most  economical  form  (local  con- 
ditions permitting)  would  be  one  in  which  the  wall  is  battered  towards 
the  retained  earth  with  a  batter  just  .sufficient  to  retain  the  center  of 
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gravity  of  the  section  within  the  base  of  the  wall,  this  limit  being 
desirable  for  safety  during  construction,  tliough,  if  care  is  exercised, 
the  batter  may  be  increased  somewhat  beyond  this  limit. 

Provisions  to  irisnre  safety  and  durability  of  retaining  walls.  These 


are  applied  in  accordance  with  the  causes  of  failure  which  will  be  briefly 
discussed  before  treating  of  necessary  remedies  for  their  prevention. 

In  computing  the  stability  of  a  wall,  it  is  customary  to  choose  a  sec- 
tion in  which  the  resultant,  of  the  earth  pressure  and  the  weight  of  the 
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wall,  shall  remain  within  the  middle  third  of  the  wall,  thus  striving  to 
prevent  any  tensile  stresses  in  the  masonry.  The  entire  question  of 
stability  is,  however,  based  on  the  assumption  that  the  foundation  is 
perfectly  rigia,  which  it  never  is  except  when  bed  rock  is  available. 
The  3'ielding  of  the  foundation  is  one  of  the  most  frequent  causes  of 
failure,  hence  the  apparent  necessity  of  the  greatest  precautions  on 
these  lines.  Besides  giving  rise  to  local  settlement  in  the  alignment,  a 
faulty  foundation  usually  results  in  failure  by  partial  or  complete  over- 
turning of  the  wall. 

Overturning  may  occur  eVen  on  good  foundations,  and  is  then  the 
result  of  poor  drainage  of  the  back  filled  material  or  scanty  dimensions 
or  poor  masonry, 

Tnere  are  few,  if  an}^  long  retaining  w^alls  which  are  free  from 
vertical  cracks,  which  latter  may  result  from  local  settlement,  excessive 
pressure  or  wide  changes  in  temperature.  The  nature  of  the  cracks 
will  generally  disclose  their  cause.  A  vertical  crack  of  uniform  width 
is  usually  the  result  of  temperature  stresses.  A  vertical  crack,  wide 
near  the  ground,  gradually  diminishing  in  width  and  disappearing  at 
the  top  of  the  wall,  is  invariably  the  result  of  local  settlement.  Hori- 
zontal cracks  are  of  rare  occurrence,  except  in  combination  with  vertical 
cracks,  and  generally  have  little  significance.  Changes  in  alignment 
always  indicate  overturning  and  usuall}'  accompany  settlement.  It  is 
scarcely  necessary  to  add  that  any  or  all  of  these  causes  may  at  times 
manifest  themselves  in  a  single  effect,  making  a  diagnosis  more  or  less 
difficult. 

When  a  retaining  wall  is  founded  on  anything  other  than  bed  rock 
it  is  advisable  to  widen  the  base  of  the  foundation  masonry  as  indicated 
in  figs.  3  and  4,  so  as  to  bring  the  resultant  thrust  R  well  within  the 
central  portion  of  the  base.  In  doubtful  cases  the  base  may  be  widened 
sufficiently  to  allow  the  thrust  to  pass  through  its  center. 

Great  care  must  be  exercised  in  back  filling  a  newly  completed  wall, 
since  at  this  time  the  mortar  is  less  capable  of  resisting  stress  than  at 
any  future  time  when  the  cement  has  become  thoroughly  set.  Also, 
loosely  deposited  earth,  possessing  little  cohesion  in  this  state,  exerts 
a  greater  pressure  than  when  well  compacted.  Hence  the  back  filling 
should  not  be  applied  until  the  mortar  is  well  set  and  then  the  former 
should  be  deposited  in  successive  layers,  each  of  which  should  be  well 
rammed. 

As  moisture  always  accumulates  in  the  back  filling,  it  is  essential 
that  proper  drainage  be  provided  adjacent  to  the  wall,  otherwise  a  con- 
aition  of  saturation  may  follow  which  would  increase  the  earth  pressure 
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to  its  maximum  value*      .    This  is  about  twice  the  pressure  which 

2 

any  wall  is  usually  designed  to  carry  and  will  almost  invariably  prove 
disastrous. 

The  best  and  cheapest  way  to  establish  drainage  is  to  provide  a 
masonr}'  gutter  along  the  back  of  the  wall  at  the  lowest  level  suitable 
for  draining  either  through  the  wall  (by  leaving  openings  at  intervals), 
or  at  the  ends  of  the  wall  ;  preferably  the  former.  From  this  longi- 
tudinal gutter,  a  dry  rubble  backing,  of  one  to  three  feet  in  thickness, 
should  be  carried  to  near  the  top  of  the  masonry,  thus  intercepting  all 
seepage  and  completely  draining  the  back  filling.  In  severe  cases, 
luimerous  rubble  filled  gutters  may  be  extended  into  the  back  filling  at 
right  angles  to  the  main  wall.  This  is  one  of  the  most  important  pre- 
cautions necessary  in  retaining  wall  construction. 

To  prevent  vertical  cracks  from  temperature  effects  in  long  walls,  it 
is  desirable  to  insert  vertical  expansion  joints  at  intervals  of  30  to  50 
feet.  These  joints  should  be  so  constructed  as  not  to  weaken  the  re- 
sisting power  of  the  wall,  which  is  accomplished  by  making  the  joints 
dove-tailed  in  plan.  No  such  provision  is  commonly  made  and  the 
results  are  apparent  when  it  is  added  that  the  linear  coefficient  of  ex- 
pansion of  masonry  ranges  between  one- fifth  to  one-third  that  of  steel. 

Cracks  resulting  from  temperature  effects  should  never  be  closed  by 
filling  in  cement  mortar  unless  it  is  found  that  they  do  not  clo.se  in  .sum- 
mer after  long  continued  warm  weather,  in  which  case  the}^  were  prob- 
ably caused  by  shrinkage  in  joints  and  may  then  be  filled. 

A  retaining  wall  which  shows  .signs  of  overturning  may  generally  be 
strengthened  by  the  construction  of  buttresses  placed  at  intervals  com- 
mensurate with  the  case  in  hand,  provided  there  is  sufficient  clearance 
in  front  of  the  wall  to  permit  of  this.  A  new  wall  may  show  indica- 
tions of  trouble  and  if  supported  by  timber  braces  for  a  time  sufficient 
to  allow  the  back  filling  to  settle  and  cohere  in  itself,  the  wall  may  be- 
come perfectly  safe. 

What  has  been  said  in  the  above  regarding  failures  in  walls  applies 
generally  to  wing  walls,  masonry  culverts,  and  abutments. 

A  7iew  style  of  retairiing  wall  might  be  employed  with  advantage, 
especially  w^here  a  good  foundation  is  not  available. 

The  writer  has  frequently  considered  the  advisability  of  constructing 
a  wall  of  concrete  and  old  railroad  iron  in  such  a  manner  as  to  make 
the  back  filling  assist  in  producing  the  stabilit}'  against  overturning, 
see  fig.  5. 

The  earth  pressure  is  resisted  by  the  wall,  A  B,  acting  as  a  beam  in 
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cross  bending,  being  internally  stiffened  by  old  iron  rails,  or  similar 
material,  embedded  cross-wise  in  the  concrete  near  the  outer  or  tension 
face  of  the  wall.  Stability  is  established  by  the  rails  G  K  acting  as  tie 
rods  and  held  by  the  concrete  base  C  D,  which  in  turn  is  loaded  with 


Fig.  6. 


the  retained  earth.  To  take  up  the  stress  existing  along  BCD,  the 
base  C  D  is  connected  with  the  wall  by  occasional  columns  of  concrete. 

So  far  as  known  this  idea  has  never  been  carried  out,  and  it  may  de- 
serve consideration  in  certain  cases  wliere  local  conditions  are  favorable 
to  its  application. 
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4.   FIXED  MASONRY  ARCHES. 

GENERAI,  CONSIDERATIONS. 

The  fixed  arch,  as  distinguished  from  the  hinged  arch,  belongs  to 
the  class  of  indeterminate  structures  in  which  the  abutment  reactions 
cannot  be  expressed  in  terms  of  the  external  forces  without  involving 
the  elastic  properties  of  the  arch  material. 

In  applying  the  theory  of  flexure  to  material  like  masonry,  consider- 
able doubt  may  justly  be  expressed  as  to  the  reliability  of  re.sults 
obtained.  However,  the  extensive  arch  tests  conducted  by  the  Aus- 
trian Society  of  Kngineers  and  Architects,  from  1890-95,  have  demon- 
strated very  conclusively  that  stone,  brick  and  concrete  arches  follow 
the  laws  of  elasticity  and  the  a]:)plication  of  the  theory  of  elasticity  to 
such  structures  would  seem  perfectly  justified  in  the  light  of  these  ex- 
periments. 

Past  experience  has  shown  that  only  very  low  unit  stresses  are  allow- 
able in  fixed  masonry  arches,  a  fact  which  proves  beyond  doubt  that 
such  arches  are  not  adapted  to  very  economical  utilization  of  material. 
The  reason  for  this  is  apparent.  The  initial  stresses  in  portions  of  an 
arch,  resulting  from  distortions  and  abutment  displacements  during 
and  after  construction,  may  often  attain  dangerous  values,  leaving  only 
a  small  fraction  of  the  breaking  strength  for  a  working  stress.  Fortu- 
nately, a  partial  failure  of  a  portion  of  an  arch,  under  excessive  stress 
caused  by  distortions,  has  the  tendency  to  readjust  the  distribution  of 
stress  by  changing  the  shape  to  one  better  adapted  to  the  strained  con- 
dition. This  is  the  reason  why  such  distortions  rarely  become  danger- 
ous, but  the  fact  illustrates  the  extent  to  which  any  theory  is  applicable 
to  fixed  masonry  arches  without  using  a  large  factor  of  safety  varying 
from  10  to  20.  Without  this  large  uncertainty,  resulting  entirely  from 
the  rigid  construction,  high  unit  stresses  of  one-tenth  to  one-.sixth  the 
ultimate  strength  of  the  material  might  safely  be  employed. 

Since  masonry  is  not  well  adapted  to  withstand  tension,  no  tensile 
stresses  are  allowed  in  arches.  To  accomplish  this,  the  resultant  thrust 
at  any  normal  arch  section  must  lie  within  the  middle  third  of  such 
section.  This  follows  from  Navier's  theor}'  for  distribution  of  stress 
on  a  voussoir  joint. 

Hence,  for  a  given  span  and  load,  the  arch  ring  must  possess  a 
definite  shape,  requiring  a  very  delicate  adjustment  of  the  line  of 
thrust  within  the  midde  third  of  the  arch  ring. 

Metal  arches  are  independent  of  this  requirement  since  the  actual 
stresses  arising  from  a  certain  loading  and  shape  of  arch  can  always  be 
provided  for  when  the  dead  load  has  been  approximatel}^  assumed. 
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In  designing  a  masonr}^  arch,  the  shape,  dimensions  and  weight 
must  be  known,  or  assumed,  and  if  the  resulting  stresses  exceed  the 
allowable  limits,  then  an)'  or  all  of  the  assumed  values  must  be  altered 
until  by  a  succession  of  approximations  the  proper  shape  and  dimen- 
sions are  found.  This  is  a  long  and  tedious  process  especially  when 
the  more  accurate  methods  are  employed. 

According  to  the  recommendations  of  the  Austrian  Society  of  Engi- 
neers and  Architects,  as  a  result  of  their  elaborate  tests,  a  fixed 
masonry  arch  should  be  constructed  onh'  when  the  following  condi- 
tions can  be  realized  : 

1.  The  abutm-ents  must  be  perfectly  rigid. 

2.  The  falsework  must  retain  its  form  during  the  period  of  construc- 
tion of  the  arch  ring. 

3.  The  masonry  must  be  of  the  best  quality. 

4.  The  construction  of  the  arch  ring  must  be  most  carefully  con- 
ducted. 

5.  The  falsework  must  not  be  released  until  the  mortar  has 
thoroughly  set. 

6.  When  the  falsework  is  released,  it  must  be  done  gradually  and 
uniformly. 

These  conditions,  except  the  two  first  named,  can  always  be  fulfilled, 
though  the  lack  of  rigidity  of  abutments  and  falsework  are  the  two 
great  obstacles  in  the  way  of  long  span,  fixed,  masonry  arches. 

ARCH  THEORIES. 

Historical.  The  earliest  theoretical  treatment  of  arches  is  ascribed 
to  de  la  Hire  who,  in  17 12,  advanced  the  theory  that  an  arch  acted  as 
a  wedge  in  which  the  central  or  crown  portion  had  the  tendency  to 
slide  between  the  quarters  adjacent  to  the  abutments.  Eytelwein,  in 
1808,  applied  this  theory  to  individual  arch  joints  and  made  allowance 
for  friction. 

The  combined  action  of  shear  and  bending  was  first  recognized  by 
Coulomb  in  1773,  and  this  theory  assumes  that  an  arch  may  fail  either 
by  one  portion  sliding  on  another,  or  by  a  joint  opening  as  the  result 
of  bending.  Experiments  made  by  Boistard  in  1808,  proved  that 
failures  were  to  be  expected  only  by  cross-breaking  and  not  as  a  result 
of  shearing  action. 

Coulomb's  theory  was  improved  by  Audoy  (1820),  Lame  and 
Clapeyron  (1823),  Navier  (1826),  and  Mery  (1827),  and  was  graphi- 
cally treated  by  Poncelet  in  1835. 

The  analogy  between  the  arch  and  suspension  bridge  from  which 
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the  theory  of  the  line  of  thrust  was  evolved,  was  first  established  by 
Gerstiier  in  1831.  Tliis  theory  was  improved  and  adapted  to  practice 
by  Hagen  (1844),  Bauernfeind  (1846),  vSchwedler  (1859),  Heinzerling 
(1869),  von  Ott  (1870),  Ritter  (1876),  and  Wittniann  (1878). 

The  theory  of  elastic  deformation  was  introduced  by  Navier  in  1826, 
by  his  analysis  of  the  stresses  on  an  arch  section  in  which  he  assumes 
a  coml)ined  thrust  and  bending  moment  distributed  over  the  section. 
This  theory  was  supported  by  experiments  of  Bauschinger  and  Koepke. 
Winkler  (1867),  and  Belpaire  (1877)  apply  this  theory  to  the  elastic 
arch,  and  the  more  recent  modifications  by  Kngesser,  Ott,  Mueller- 
Breslau,  Melan,  Wey ranch  and  others,  are  now  generally  accepted  as 
the  most  reliable  arch  theories.  They  differ  from  each  other  only  in 
methods  of  solution  and  degree  of  approximation.  All  are  based  on 
the  same  assumptions  and  the  derivation  of  the  formulae  are  essen- 
tially alike,  but  owing  to  the  extremely  complicated  equations  resulting 
from  the  theory,  different  authors  have  neglected  certain  terms  sup- 
posed to  be  of  insignificant  value,  while  others,  especially  Melan  and 
Wey  ranch,  attempt  a  rigid  solution  which  is  very  complicated.  The 
treatment  of  this  subject  by  modern  English  and  American  writers  is 
essentially  according  to  Ott  and  Melan. 

The  graphical  solution  in  general  use  is  based  on  the  most  probable 
position  of  the  line  of  thrust  in  a  given  arch  ring  for  a  given  case  of 
loading. 

The  theory  of  elasticity  leading  up  to  a  purely  analytical  solution,  is 
more  reliable  though  far  more  complicated  in  its  application. 

The  comparative  accuracy  and  reliability  of  these  two  methods  will 
be  discussed  in  the  following. 

The  theories  in  common  nse  are  two  in  number.  First,  the  lijie  of 
thrust  theory,  which  is  generally  employed,  and  depends  on  an  assumed, 
most  probable  position  of  the  line  of  thrust  within  the  arch  ring  ;  and 
second,  the  theory  of  elastic  deformation  by  which  the  statically  indeter- 
minate abutment  reactions  are  found  by  the  application  of  the  theory 
of  flexure.  The  method  of  solution  by  the  first  theory  is  purely 
graphical,  and  by  the  second  theory  it  is  purely  analytical  and  does 
not  necessitate  finding  the  line  of  thrust  though  this  line  is  definite  and 
determinable  by  the  method.  The  second  method  may  be  made  semi- 
graphical  by  the  introduction  of  influence  lines,  which  are  very 
serviceable  wdien  dealing  with  concentrated  moving  loads. 

To  give  a  clearer  idea  of  the  distinctive  features  of  these  two  theories 
it  will  be  necessary  to  show  the  general  relations  existing  between  the 
external  or  applied  forces  and  the  internal  stresses  in  a  fixed  arch. 
See  Fig.  6. 
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The  arch  A  OB  supports  the  loads  P^,  P.^,  etc.,  producing  reactions 
and  R^.  The  reaction  R^  can  be  replaced  by  a  horizontal  compo- 
nent H  and  a  vertical  component  F,  acting  at  the  point  A,  and  a 
moment  R._^d  =  M  d^howt  A.  Also  can  be  replaced  by //'and  F', 
acting  at  B,  and  a  moment  R^d^  =  M' .  Hence  V  and  V  are  the  ver- 
tical abutment  reactions,  H  is  the  constant  horizontal  thrust  and  M 
and  M'  are  the  abutment  moments. 

By  taking  center  of  moments  about  B  and  A,  the  respective  values 
F.and  V  can  be  found  thus  : 

V=^^\m'- M^-^\P{l-a^^  (i) 

and  V'=     ^M- AP  -h  S^Pa^  (2) 

For  any  section  MJV  having  coordinates  x  and  j/,  the  shear  bend- 
ing moment       and  resultant  thrust  R^,  are  as  follows  : 

V^=V-X„P  (3) 

M^=M+  Vx  -  Hy  -  %\P{x  -  a)  (4) 


R^=Vv:  +  W       ■  (5) 

—  F  sin  <^  +  //cos  <^  =  thrust  normal  to  the  section.  (6) 

From  and  the  stresses  on  the  extreme  fibres  of  the  section 
MN  may  be  found  from 

(7) 

in  which  P  is  the  area  of  the  arch  section  M  and  W  is  the  moment 
of  resistance  of  this  section. 

It  is  readily  seen  that  the  determination  of  unit  stresses  resulting 
from  any  system  of  loading  involves  the  terms  M,  M'  and  //  which 
cannot  be  determined  from  purely  statical  considerations. 

According  to  the  theory  of  elastic  deformation  these  unknown  factors 
are  determined  from  the  elastic  properties  of  the  material,  while  in  the 
older  graphical  solution  they  are  merely  approximated,  by  assigning 
certain  assumed  conditions  to  be  fulfilled  by  the  line  of  thrust. 

Hence  the  theory  of  elastic  deformation  fixes  the  position  of  the  line 
of  thrust  in  terms  of  the  elasticity  of  the  material,  while  according  to 
the  graphical  solution  an  infinite  number  of  lines  of  thrust  may  be  con- 
structed for  the  same  arch  and  same  loading  and  it  becomes  a  question 
to  decide  which  of  all  the  possible  lines  is  the  most  probable. 
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Hagen  (1862),  according  to  his  "theory  of  the  most  favorable  dis- 
tribution of  stress  defines  the  most  probable  line  of  thrust  as  one  for 
whic'n  the  vertical  projections  of  the  mininum  distances,  between  the 
line  of  thrust  and  the  edges  of  the  arch  ring,  become  equal.  Culmann 
(1866)  designates  this  most  probable  line  as  the  one  which  approaches 
most  nearly  to  the  arch  center  line  in  sucli  a  manner  that  the  pressure 
at  the  most  critical  points  becomes  a  minimum.  Winkler  defines  the 
most  probable  line  as  the  one  for  which  the  areas  inclosed  between  the 
line  of  thrust  and  the  arch  center  line  are  equally  divided  according  to 
the  method  of  least  squares.  Generally  a  problem  is  considered  solved 
when,  for  a  given  span  and  load,  a  line  of  thrust  is  found  which  falls 
entirely  within  the  middle  third  of  the  arch  ring.  This  is,  however, 
very  far  from  constituting  an  acceptable  solution  as  will  presently  be 
shown.  Plausible  proofs  for  all  the  above  assumptions  have  long  been 
sought  but  have  never  been  found. 

The  graphical  method  is,  at  best,  nothing  more  than  the  application 
of  the  principles  of  the  three-hinged  arch  to  fixed  arches  in  which  the 
location  of  the  hinged  points  is  arbitrarily  assumed  at  the  crown  and 
springing.  A  line  of  thru.st  passed  through  these  three  points  must 
remain  within  the  middle  third  of  the  arch  ring.  If  these  points  are 
assumed  on  the  arch  center  line  then  M  and  M'  become  zero  and  H  is 
determined  as  for  a  three-hinged  arch.  While  all  this  is  constantly 
done,  there  is  nothing  to  justify  the  procedure. 

The  derivation  of  the  formulae  for  M,  M'  and  //is  considered  foreign 
to  the  purpose  of  this  paper  and  is,  therefore,  omitted. 

It  is  now  proposed  to  show  the  comparative  value  of  the  two  methods 
of  solution  of  fixed  arches  and  their  reliability  as  found  from  the 
experiments  of  the  Austrian  Society  of  Engineers  and  Architects. 

Reliability  of  the  methods  iii  common  use.  The  graphical  method,  as 
was  just  stated,  assumes  that  the  real  or  most  probable  line  of  thrust  is 
the  one  for  which  the  highest  pressures  at  the  critical  points  becomes  a 
minimum.  Hence  every  line  of  thrust  must  either  be  the  most  probable 
line  or  else  it  is  one  which  is  less  favorable  than  the  most  probable  line. 
But,  if  only  one  line  of  thrust  is  possible  for  a  given  allowable  stress 
on  the  extreme  fiber  at  the  critical  points,  then,  if  the  structure  is  to  be 
regarded  safe  for  all  time,  this  line  must  continue  to  exi.st  when  the 
material  increases  in  strength  (as  by  setting  of  the  cement),  or  when 
the  arch  undergoes  sliglit  elastic  or  permanent  deformations.  For  this 
there  is  absolutely  no  assurance,  though  it  is  an  essential  necessity  in 
the  general  assumption. 

It  is  also  a  matter  of  great  uncertainty  to  know  when  any  line  of 
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thrust  really  is  the  most  probable  line,  since  this  depends  on  a  more  or 
less  arbitrary  definition,  the  requirements  of  which  are  fulfilled  by  a 
series  of  approximations. 

From  these  and  other  considerations  it  follows  that  this  method  is 
neither  reliable,  nor  scientific.  If  arches,  designed  by  this  method, 
have  stood  well,  it  is  most  probably  due  to  the  extremely  high  factor  of 
safety  generally  employed  and  not  to  the  reliability  of  the  method. 

The  analytical  method,  based  on  the  theory  of  elasticity,  is  certainl}'' 
scientific,  though  its  value  depends  largely  on  experimental  verification, 

A  sandstone  masonry  arch,  of  23  m.  span  and  4.C  m.  rise,  was  tested 
to  destruction  by  the  Austrian  Society  of  Engineers  and  Architects. 
The  breaking  load  was  3218  klg.  per  sq.  m.  on  the  half  arch.  For  this 
load  the  formulae  of  Prof.  Weyrauch  give  a  maximum  ultimate  com- 
pres.sive  resistance  at  failure  of  33  atm.  The  sandstone  had  a  com- 
pressive strength  of  770  atm. ,  and  the  cement  mortar  311  atm.  Samples 
of  mortar,  taken  from  the  arch  after  destruction,  broke  under  a  pressure 
of  80  atm.  The  compressive  strength  of  the  masonry  must,  therefore, 
have  been  about  400  atm.,  or  over  twelve  times  the  actual  strength 
developed  by  the  arch. 

The  results  obtained  from  the  te.sts  on  a  brick  arch  and  a  Monier 
arch,  of  practically  the  same  dimensions  as  the  sandstone  arch,  are 
similar  to  those  just  cited. 

While  it  is  not  fair  to  expect  very  reliable  results  from  the  application 
of  the  theory  of  elasticity  to  material  stressed  to  the  point  of  rupture, 
yet  the  error  incurred  would  probably  not  exceed  100%  which  would 
not  begin  to  explain  the  still  existing  disparity  in  the  above  results. 

It  seems  quite  likely,  however,  that  a  very  high  initial  stress  existed 
in  the  arch  as  a  consequence  of  the  changes  in  shape  of  the  arch  ring 
resulting  from  the  shrinkage  of  the  mortar  joints,  by  the  setting  pro- 
cess of  the  cement,  after  the  mortar  had  attained  sufficient  strength  to 
sustain  the  partial  dead  load  imposed  prior  to  removal  of  the  centers. 

If  this  supposition  is  justifiable,  then  it  follows  that  though  the 
theory  may  be  correct  and  perfectly  applicable  within  the  limits  of 
elastic  deformation,  yet  the  large  factor  of  uncertainty  resulting  from 
permanent  distortions,  which  must  always  be  expected  in  fixed  arches, 
necessitates  a  high  factor  of  safety  in  addition  to  a  very  thorough 
mathematical  investigation,  if  reliable  results  are  expected. 

While  the  theory  of  elasticity  is  undoubtedly  the  only  trustworthy 
basis  for  the  analysis  of  fixed  arches,  and  should  always  be  employed 
in  designing  structures  of  any  importance,  it  does  not  follow  that  the 
older  graphical  method  of  investigation,  and  many  of  the  empirical 
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rules  in  common  use,  are  all  worthless.     On  the  contrary,  the  prelimi- 

nar}^  design  can  be  carried  out  most  efficiently  by  the  aid  of  the  simpler 
methods,  and  tlie  final  design  may  then  be  tested  by  the  application  of 
the  more  accurate  method. 

It  is  thus  seen  that  the  theory  of  fixed  arches  has  reached  a  status  of 
perfection  quite  in  keeping  with  the  nature  of  tlie  problem,  the  still 
existing  uncertainty  being  a  function  of  the  material  and  other  circum- 
stances depending  on  the  rigidity  of  the  abutment  foundations,  con- 
ditions of  erection,  etc.,  all  of  which  can  never  be  entirely  eliminated. 

The  above  applies  only  to  arches  for  which  the  loading  is  known 
with  considerable  accuracy.  For  arches  sustaining  high  earth  banks, 
the  loading  cannot  be  determined  with  any  great  degree  of  certainty. 
Hence  the  design  of  such  structures  is  less  definite,  though  the  elastic 
property  of  the  superimposed  earth  assists  greatly  in  distributing 
pressure  and  rendering  conditions  more  favorable  to  their  safety. 

The  methods  employed  to  obviate  exeessive  stresses  in  fixed  masonry 
arches  will  now  l)e  discussed. 

If  it  were  possible  to  build  an  arch  ring  in  such  a  manner  that  its 
line  of  thrust  would  pass  througli  the  center  of  the  ring  at  the  crown 
and  haunches  at  the  time  of  releasing  the  falsework,  a  large  proportion 
of  the  indeterminate  stress  could  be  prevented.  In  other  words,  the 
bending  moments  at  the  critical  points  would  then  be  almost  zero  for 
symmetrical  loading,  reserving  the  strength  for  the  unsymmetrical 
live  load  and  other  contingencies  affecting  the  shape  of  the  arch  ring. 

In  the  ordinary  process  of  construction,  the  arch  ring  is  commenced 
at  the  haunches  and  the  load  gradually  applied  to  the  falsework,  thus 
distorting  the  latter  and  causing  bending  stresses  in  the  completed 
parts  of  the  ring.  The  final  settling  of  the  ring  produced  by  the  con- 
traction of  the  mortar  joints  as  a  result  of  compression  and  shrinkage 
during  the  setting  process  of  the  cement,  even  when  the  abutments 
remain  perfectly  rigid,  are  often  sufficient  to  create  serious  initial 
stresses,  thus  destroying  to  a  large  extent  tlie  usefulness  of  the 
structure. 

Several  methods  have  been  used,  with  more  or  less  success,  to  relieve 
an  arch  of  undue  initial  stress  during  construction. 

One  of  the  oldest  of  these  is  to  set  the  arch  stones  on  the  entire 
falsework,  spacing  the  joints  by  inserting  small  strips  of  w^ood  and 
lastly  filling  all  the  joints  simultaneously  with  mortar.  This  is  still  a 
very  good  program  for  erection,  but  is  not  very  well  adapted  to  large 
structures  owing  to  the  excessive  stresses  produced  in  the  falsework 
and  frequently  causing  considerable  settlement  in  the  entire  arch  ring. 
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This  can,  however,  be  prevented  by  wedging  up  the  falsework  just 
previous  to  filling  the  joints. 

Another  method  frequently  employed  in  the  construction  of  brick 
and  concrete  arches  is  to  close  a  complete  ring  adjacent  to  the  false- 
work, and,  after  allowing  the  mortar  or  concrete  to  set,  the  remainder 
of  the  arch  is  constructed  and  the  total  load  is  carried  by  the  first  ring 
rather  than  by  the  falsework.  By  this  means  the  settlement,  during 
construction,  is  very  slight,  but,  as  is  readily  seen,  the  intrados  is 
excessively  stressed,  a  condition  which  cannot  be  averted  and  which 
is  highly  objectionable. 

A  program  of  construction  frequently  used  on  large  arches,  necessi- 
tates commencing  work  simultaneously  at  two,  four  or  six  points  of  the 
ring  and  closing  at  three,  five  or  seven  points,  respectively.  The 
longer  the  span  the  greater  the  number  of  points  of  commencement. 

The  most  modern  method  consists  in  the  introduction  of  temporary 
flexible  or  hinged  joints  at  the  crown  and  haunches  and  following  the 
previous  program  of  construction.  These  flexible  joints  are  made  of 
stone  with  curved,  roller-like  surfaces  or  iron  blocks  may  be  used, 
forcing  the  line  of  thrust  through  the  center  of  the  arch  ring  at  the 
crown  and  haunches  during  the  period  of  construction.  These  open 
joints  are  filled  with  cement  mortar  either  before  or  after  removing  the 
falsework.  Sheet  lead  has  also  been  used  for  this  purpose  by  inserting 
narrow  strips  into  the  crown  and  springing  joints,  allowing  just  suffi- 
cient surface  of  contact  on  the  arch  center  line  to  carry  the  pressure 
without  causing  the  lead  to  flow.  The  open  joints  are  afterwards  filled 
with  good  mortar. 

This  last  mentioned  method  gives  very  good  results  in  preventing 
cracks  and  excessive  settlement  during  construction,  but  subsequent 
changes  cannot  be  compensated  for,  which  is  the  only  obstacle  still  re- 
maining in  this  class  of  structure.  Eventual  settlements  in  foundation 
masonry  ;  contraction  of  mortar  by  evaporation  of  water  used  in  mixing 
the  same  ;  compression  of  mortar  joints  from  loading  ;  elastic  deforma- 
tions caused  by  temperature  and  load  effects  ;  all  these  are  ever  present 
to  create  stresses  which,  in  spite  of  all  precautions  during  construction, 
may  attain  dangerous  proportions  and  make  it  utterly  impossible  to 
estimate  the  actual  ultimate  strength  of  a  fixed  masonry  arch. 

It  should  be  remembered  that  for  masonry  arches,  the  live  load  is 
generally  only  a  small  fraction  of  the  dead  load,  and  for  this  reason  an 
arch  which  is  sufficiently  strong  to  sustain  its  own  weight  permanently 
will  carry  temporary  live  loads  with  perfect  safety.     When  initial 
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stresses  attain  breaking  limits  the  masonry  generally  chips  near  the 
surface  thus  relieving  the  stress  and  allowing  the  line  of  thrust  to  return 
to  a  more  favorable  position.  In  this  way  an  arch  which  has  become 
distorted  may  readjust  itself  to  a  new  condition  of  stress. 

In  conclusion  it  might  be  well  to  recall  the  recommendations  proposed 
by  the  Austrian  Society  of  Engineers  and  Architects,  which,  if  strictly 
carried  out,  would  limit  the  adaptation  of  fixed  masonry  arches  to  com- 
paratively short  spans  and  bed  rock  foundations,  as  these  recommenda- 
tions require  the  fulfillment  of  the  following  conditions  : 

1.  The  abutments  must  be  perfectly  rigid. 

2.  The  falsework  must  retain  its  form  during  the  period  of  construc- 
tion of  the  arch  ring. 

3.  The  masonry  must  be  of  the  best  quality. 

4.  The  construction  of  the  arch  ring  must  be  most  carefully  con- 
ducted. 

5.  The  falsework  must  not  be  released  until  the  mortar  has  thor- 
oughly set. 

6.  When  the  falsework  is  released,  it  must  be  done  gradually  and 
uniformly. 

The  use  of  sand  jacks  or  sand  pots,  which  was  introduced  in  1854 
during  the  construction  of  the  Austerlitz  Bridge  in  Paris,  offers  a  very 
novel  and  efficient  means  of  releasing  the  falsework  supports. 

The  necessity  of  these  recommendations  is  clearly  understood  after 
what  has  been  said  regarding  the  theory  of  fixed  masonry  arches  and 
its  application  to  practice. 

The  first  two  conditions  can  only  be  realized  when  rock  foundations 
are  available  and  when  the  falsework  is  made  rigid  by  very  substantial 
foundations.  The  other  requirements  can  generally  be  fulfilled  by 
exercising  proper  care  and  by  permitting  only  good  material  and  work- 
manship. 

5.  THRKE  HINGED  MASONRY  ARCHES. 

The  extent  to  which  theory  is  applicable  to  fixed  masonry  arches  has 
been  adequately  demonstrated  in  the  previous. 

To  obviate  the  difficulties  and  prevent  the  uncertainty  shown  to  exist 
in  fixed  arches,  the  introduction  of  hinged  joints  at  the  crown  and 
haunches  may  be  regarded  as  a  most  w^elcome  innovation,  first  applied 
by  Koepke  of  Dresden,  in  1880,  by  providing  curved,  open,  voussoir 
joints  in  the  arch  ring  at  the  crown  and  haunches.  In  1885,  Karl  V. 
lyaibbrand,  of  Stuttgart,  substituted  sheet  lead  for  the  open  joints,  and 
in  1893  applied  cast  iron,  hinged  bearings. 
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The  three  hinged  arch  is  free  from  initial  stresses  otherwise  resulting 
in  fixed  arches  after  releasing  the  falsework.  Small  abutment  displace- 
ments, and  changes  in  temperature,  do  not  affect  the  magnitude  or  dis- 
tribution of  stress  in  the  arch  ring,  and  hence  do  not  cause  cracks. 

This  form  of  arch  admits  of  a  rigid  analj'tical  treatment.  For  this 
reason  the  allowable  working  stresses  may  be  chosen  much  higher  than 
for  fixed  arches  ;  the}'  maj'  range  from  -^-^  to  \  the  ultimate  strength  of 
the  masonr}'  without  sacrificing  safety  or  durability.  The  strict  re- 
quirement regarding  the  rigidity  of  abutments  and  falsework,  so  very 
essential  to  fixed  arches,  is  a  matter  of  comparative  insignificance,  pro- 
vided the  abutment  foundations  are  safe. 

Therefore,  the  three  hinged  arch  is  especially  well  adapted  to  the 
economic  construction  of  long  span  bridges,  and  being  free  from  the 
numerous  objections  inherent  in  the  fixed  arch,  is  well  adapted  to  con- 
ditions where  only  moderately  good  foundations  are  available. 

The  introduction  of  hinges  has  placed  the  masonry  arch  on  a  high 
plane  of  engineering  perfection,  and  has  removed  its  restricted  applica- 
tion, thus  materially  enlarging  the  field  of  usefulness  so  justly  belong- 
ing to  this  most  substantial,  economic  and  aesthetic  form  of  bridge 
construction. 

No  disadvantages  have  as  yet  developed  from  the  use  of  hinges  and 
none  are  likely  to  develop.  Numerous  bridges  of  this  type,  of  spans 
ranging  from  10  to  50  meters,  have  been  constructed  in  Germany  and 
Switzerland  within  the  past  15  years.  All  are  giving  excellent  satis- 
faction. 

Therefore,  owing  to  its  economy,  permanence,  low  cost  of  main- 
tenance, and  aesthetic  features,  the  three  hinged  arch  is  destined  to 
become  a  successful  competitor  of  iron  and  steel  bridges,  in  all  cases 
where  the  natural  conditions  of  foundations  and  length  of  span  do  not 
offer  unsurmountable  difiiculties. 

This  subject  has  been  exhaustively  treated  in  a  paper,  read  by  the 
writer,  before  the  American  Society  of  Civil  Engineers.  (See  Vol. 
XL,  1898,  Trans.  Am.  Soc.  C.  E.) 

6.  CONCRETE  AND  IRON  ARCHES. 

This  comparatively  new  system  of  construction,  introduced  about 
twelve  years  ago  in  France  and  Germany,  is  fast  displacing  the  solid 
masonry  structures  of  the  past. 

The  desirability  of  combining  concrete  with  steel  or  iron,  evidently 
arises  from  the  widely  different  properties  of  concrete  under  compres- 
sive and  tensile  stress.    The  compressive  strength  being  about  ten  times 
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the  tensile  strength  (so  far  as  our  present  knowledge  of  concrete  would 
indicate)  makes  it  impossible  to  use  concrete  with  economy.  In  fact, 
common  practice  has  always  been  to  use  concrete  and  masonry  only 
under  compressive  stress.  By  supplying  tensile  strength  to  those  parts 
of  a  structure  where  tensile  stress  occurs,  by  the  insertion  of  steel  or 
iron  rods,  the  coml^ined  material  l^ecomes  more  widely  applicable  and 
is  susceptible  to  a  more  economical  utilization. 

The  various  systems  of  concrete  and  iron  arches  (mostly  patented), 
may  be  summarized  as  follows  :  The  Monier,  the  Wuensch,  the  Moel- 
ler,  and  the  Melan.  There  may  be  others,  but  they  probably  involve 
no  new  principles. 

The  Monier  patent  is  so  broad,  embracing  in  a  general  way  any  iron 
parts  enveloped  by  cement,  that  it  is  difficult  to  understand  why  not  all 
other  systems  are  infringements.  However,  tliis  system  as  generally 
employed  consists  of  a  series  of  iron  rods  imbedded  in  the  concrete  near 
the  surfaces  of  the  intrados  and  extrados  to  supply  the  required  tensile 
strength.  The  rods  extend  longitudinally  from  one  abutment  to  the 
other  and  are  tied  together,  at  intervals,  by  wire.  Expanded  metal 
has  been  used  in  a  similar  manner. 

The  Wuensch  system  employs  only  longitudinal  angle  irons  or  tees, 
placed  near  the  intrados  and  extrados  of  the  arch,  or  beam,  relying  on 
the  concrete  to  perform  the  functions  of  a  web  system. 

System  Moeller  amounts  to  nothing  more  than  a  very  flat  concrete 
arch  with  a  metal  tie  rod  to  take  up  the  horizontal  thrust.  The  tie 
rod  is  anchored  directly  in  the  concrete  of  the  arch  abutments. 

The  Melan  system  inserts  concrete  arches  between  iron  /  beams  or 
latticed  arches.  It  is,  therefore,  a  succession  of  parallel  metal  and 
concrete  arches  in  the  same  span. 

The  combinations  of  concrete  with  iron  or  steel,  offer  a  great  many 
advantages  in  practical  and  economic  construction,  though  the  appli- 
cation is  perhaps  too  recent  to  warrant  a  definite  conclusion  regarding 
the  lasting  qualities  of  these  composite  structures.  It  must  also  be 
admitted  that  the  theories  of  this  class  of  structure  are  still  verj^ 
primitive. 

Monier  arches  are  generally  designed  for  a  constant  modulus  of 
elasticity 


in  which  —  modulus  of  elasticity  of  concrete  ;  E^  =  modulus  of 
elasticity  of  iron  ;  /  =  moment  of  inertia  of  the  combined  concrete  and 
iron  section  ;  and      =  moment  of  inertia  of  the  iron  section  alone. 
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This  is  based  on  the  assumption  that  the  two  materials  in  acting  to- 
gether must  undergo  the  same  elastic  distortions. 

Arches  built  according  to  Wuensch,  are  designed  to  carry  the  total 
maximum  load  entireh'  b}'  the  concrete,  and  the  unsymmetrical  live 
load  entirely  by  the  metal  parts.    This  is  a  somewhat  arbitrary  method. 

The  Moeller  system  probably  admits  of  the  most  exact  design  and  is 
especially  well  adapted  to  floor  arches  and  light  bridges.  There  is 
nothing  about  the  design  which  would  require  special  consideration. 

The  Melan  arch  being  a  combination  of  arches  of  different  materials 
makes  it  difficult  to  determine  the  proportion  of  the  total  load  carried 
by  each  material.     However,  since  the  elastic  deformation  of  an  arch 

is  approximately  proportional  to  the  quantity        ,  and  two  arches,  if 

EI 

they  would  work  together,  must  undergo  the  same  deflection,  it  follows 
that  the  load  must  be  divided  in  proportion  to  the  products  E I  for  each 
material,  or  that 

Load  carried  by  the  concrete  arch  _  E^ 
Load  carried  by  the  iron  arch  E^ 

in  which  E^  and  apply  to  the  concrete  section  and  E^  and  /,  to  the 
iron  section.  This  may  be  far  from  the  truth,  though  it  has  generally 
given  gDod  results  compared  with  tests. 

Regarding  the  durability  of  concrete  and  iron  structures  we  are  not 
in  a  position  to  say  definitely  what  the  probabilities  are.  However, 
with  the  exception  of  the  Melan  S3'stem,  the  iron  section  is  generally 
quite  small  and  even  a  slight  corrosion  might  prove  disastrous  becaUvSe 
so  much  depends  on  the  iron  parts.  It  is  quite  likely  that  moisture 
might  penetrate  some  of  the  hair  like  fissures  generally  found  in  ma- 
sonry and  concrete  which  would  do  mischief  in  the  course  of  time. 
Roebling  found  such  corrosion  on  some  of  the  outer  strands  of  the  an- 
chorage cables  of  the  Niagara  and  Brooklyn  bridges,  where  the  cables 
had  been  embedded  in  concrete. 

The  widely  different  physical  properties  of  concrete  and  iron  do  not 
seem  to  offer  any  serious  obstacles  as  was  at  first  predicted,  at  least 
none  have  developed  during  past  experience.  Concrete  appears  to  pos- 
sess an  adhesive  .strength  with  iron  which  is  equal  to  or  even  greater 
than  the  tensile  strength  of  the  former  ;  the  coefficients  of  expansion  are 
nearly  enough  equal  in  the  two  materials  to  offer  no  serious  objections; 
and  by  a  proper  distribution  of  loads  their  elastic  properties  may  be  so 
harmonized  as  to  make  them  work  fairly  well  together. 

Meanwhile  many  new  structures  of  this  type  are  being  constructed 
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and  time  alone  will  suffice  to  clear  up  the  still  existing  doubts.  So 
much  may,  however,  be  predicted,  that  it  is  not  unlikely  that  some  of 
the  very  keen  Monier  arches,  depending  so  largely  on  the  slender  iron 
network  for  their  strength,  are  apt  to  prove  unsatisfactory  in  point  of 
durability.     Melan  and  IMoeller  arches  will  probably  be  longer  lived. 

7.  CONCRETE 

Concrete  has  become  one  of  our  most  important  materials  of  con- 
struction and  a  few  remarks  may  be  appropriate  in  concluding  this 
paper.  ^ 

This  material,  universally  used  in  compression,  has  been  wonder- 
fully improved  in  recent  years  by  the  general  introduction  of  high 
grade  cements,  though  our  knowledge  of  the  properties  of  concrete 
under  compressive  stress  is  ratlier  meagre  and  much  valuable  work 
still  remains  to  be  done  towards  increasing  our  present  supply  of  reli- 
able experimental  data. 

Among  the  most  desirable  experiments  to  be  made,  the  following 
might  be  mentioned  :  The  determination  of  the  shrinkage  of  concrete 
while  setting  from  time  of  placing  same  till  it  has  reached  various  ages, 
for  different  mixtures  :  the  permanent  set  which  concrete  undergoes 
under  various  compressive  stresses  ;  the  modulus  of  ela.sticity  at  vari- 
ous ages  for  different  mixtures  ;  and  lastly  the  compressive  strength  of 
cubes  corresponding  to  mixtures  used  for  the  above  experiments. 

Such  work  would  be  highly  valuable  and  interesting  as  well.  Those 
wishing  to  take  up  this  subject  may  find  some  valuable  suggestions  in 
a  paper  by  the  writer  on  ' '  The  Properties  of  Concrete  under  Compres- 
sive Stress"  published  in  the  Journal  of  Engineering  Societies,  for 
May,  1898. 


THE  ABOLITION  OF  GRADE  CROSSINGS  IN  THE  CITY  OF 

BUFFALO,  N.  Y. 


JOHx^  A.  KNIGHTON,  '9I,  ASST.  ENGINEER. 

The  question  of  Grade  Crossings  and  their  aboHtion  is  one  that 
doubtless  is  receiving  more  attention  in  this  countr}^  toda}^  than  it  ever 
did  before,  and  is  destined  to  become  even  more  prominent. 

Three  states,  New  York,  Massachusetts  and  Connecticut,  have 
passed  laws  placing  in  the  hands  of  a  Board  of  Railroad  Commissioners 
power  to  institute  proceedings  for  the  change  of  an}^  crossing  at  grade, 
either  upon  application  from  those  interested  or  when,  in  their  opinion, 
such  change  is  necessary  for  the  public  safet}-. 

Various  cities  have  by  mutual  agreement  with  the  railroads  taken  up 
the  matter  and  accomplished  much  without  resorting  to  legislation. 

All  that  has  been  done  in  this  country,  however,  is  but  little  com- 
pared to  what  has  been  accomplished  in  Europe,  where  vast  millions 
have  been  spent  not  in  large  cities  alone,  but  in  smaller  towns  as  well. 

The  problem  presented  to  the  City  of  Buffalo  was  an  exceptionally 
difficult  one,  on  account  of  the  various  and  varied  interests  involved, 
and  again  for  the  reason  that  it  is  impossible  to  lower  either  the  streets 
or  the  railroads  to  any  extent  over  a  large  area  for  want  of  drainage. 

Buffalo  is  located  at  the  foot  of  Lake  Erie,  and  is  the  old  transfer 
point  between  lake  and  canal.  Later  on  railroads  were  built  to  share 
the  carrying  trade  from  lake  to  tidewater,  and  other  lines  were  built  to 
the  west,  with  Buffalo  still  a  transfer  point. 

The  east  and  south  sides  of  the  City  are  comparatively  level,  and 
little  above  the  elevation  of  Lake  Erie,  which  is  on  an  average  about 
—  3.0,  and  as  the  most  direct  line  from  either  the  east  or  the  west  to 
the  business  center  of  the  City  is  through  this  section,  it  naturally  be- 
came the  railroad  district,  which  in  1892  presented  the  appearance,  so 
far  as  tracks  are  concerned,  that  is  shown  in  Figure  i. 

Buffalo  has  had  a  remarkably  rapid  growth,  as  shown  by  the  follow- 
ing table  : 

Year  Population 

1810   1,508 

1820   2,095 

1830   8,653 

1840   18,213 

1850   42,216 

i860    81,129 

1870   117,714 

1880  _   155,137 

1890   254,457 

Present  estimate   390,000 
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That  the  development  of  the  railroad  interests  within  the  City  has 
kept  pace  with  this  growth  is  shown  by  the  fact  that  the  proportion  of 
City  taxes  paid  by  the  railroads  remains  nearly  constant  or  from  to 
y^2-  of  the  total.  For  the  year  1898-9  the  railroads  within  the  City  paid 
$458,670  out  of  a  total  of  $4,601,021. 

As  early  as  1856  a  plan  was  prepared  by  the  City  Surveyor,  Peter 
Emslie,  for  a  bridge  or  viaduct  over  the  tracks  at  Michigan  street. 

In  1874  the  late  George  E.  Mann,  who  was  then  City  Engineer,  de- 
signed a  suspension  bridge  for  William  street  over  the  N.  Y.  C.  &  H. 
R.  R.  R.  tracks,  and  submitted  it  to  Mr.  Vanderbilt  with  a  plea  for  its 
construction. 

Neither  of  these  structures  were  built,  and  Mr.  Vanderbilt  is  said  to 
have  replied  regarding  William  street  ^'  that  until  the  City  of  Buffalo 
expressed  a  more  emphatic  desire  for  this  improvement  and  they,  the 
railroad  company,  were  obliged  to  do  the  work,  they  would  have  to  de- 
cline to  consider  the  matter". 

The  first  organized  movement  against  grade  crossings  by  the  citizens 
of  Buffalo  was  in  1887. 

Delays  and  accidents  at  the  many  crossings  were  increasing  and  the 
various  commercial  interests  of  the  City  were  suffering. 

The  Lumbermen's  Exchange,  the  Merchant's  Exchange,  the  Com- 
mon Council  and  the  press  took  up  the  matter  in  earnest,  and  on  April 
13,  1887,  the  Council  passed  the  following  resolution  : 

"  That  an  invitation  be  extended -to  the  said  Railroad  Commission- 
ers to  inspect  the  entire  system  of  railroad  approaches  entering  the 
City,  with  a  view  to  securing  their  recommendation  of  a  comprehensive 
plan  for  elevating  the  tracks  over  street  crossings,  or  otherwise  provid- 
ing suitable  remedies  ' ' . 

This  resolution  was  forwarded  to  the  State  Board  of  Railroad  Com- 
missioners, which  body  was  then  composed  of  the  following  members, 
John  D.  Kernan,  William  E.  Rogers,  and  Isaac  V.  Baker,  Jr.,  as 
Commissioners. 

A  communication  from  the  Buffalo  Lumber  Exchange,  dated  May 
23,  1887,  was  also  received  by  the  Board,  which  called  special  atten- 
tion to  the  crowded  condition  of  the  railroad  crossings  at  Washington, 
Michigan,  Chicago  and  Louisiana  streets. 

The  Board  held  a  public  hearing  in  Buffalo  on  June  7,  1887,  at 
which  time  the  City  in  its  corporate  capacity,  the  Lumber  Exchange 
and  other  interested  parties  were  present,  and  before  leaving  the  City 
the  Board  made  a  personal  examination  of  the  various  crossings. 

Almost  immediately  after,  the  Inspector  of  the  Board,  Mr.  Thomas 
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\V.  Spencer  was  ordered  to  Buffalo  to  make  surve5^s,  devise  a  plan  of 
relief,  and  prepare  an  estimate  of  cost  of  same,  giving  due  considera- 
tion to  all  interests  involved. 

Mr.  Spencer's  report  was  duly  transmitted  to  the  Board,  the  recom- 
mendations of  which  are  shown  in  Figure  2. 

Copies  of  this  report  were  sent  to  the  railroads  and  other  interested 
parties,  and  after  one  postponement  at  the  request  of  the  railroads, 
a  meeting  was  called  b5'  the  Board  of  Railroad  Commissioners  to  be 
held  in  Buffalo  on  the  19th  of  October,  1887. 

At  this  meeting  all  interests  were  well  represented,  the  railroads  by 
their  attorneys  and  engineers,  and  the  City  by  its  Engineer,  Mr. 
Albert  Krause,  and  by  George  E.  Mann,  C.E. 

Mr.  A.  M.  Wellington  had  previously  b^en  retained  by  a  Committee 
of  the  Merchant's  Exchange,  and  was  expected  to  be  present  to  submit 
a  report,  but  on  account  of  illness,  was  obliged  to  remain  in  New 
York.  The  report  which  he  sent  arrived  less  than  an  hour  after  the 
close  of  the  hearing. 

At  this  hearing  the  railroads  offered  a  plan  through  their  engineers  : 
Mr.  Katte,  Chief  Engineer  of  the  New  York  Central  and  Hudson 
River  Company,  Mr.  Buchholz,  Engineer  of  bridges,  etc.,  of  the  New 
York  Lake  Erie  and  Western  Railroad  Company,  Mr.  Handy,  Chief 
Engineer  of  the  Lake  Shore  and  Michigan  Southern  Railroad  Com- 
pany, and  Mr.  McCreary,  Engineer  of  Maintenance  of  Way  of  the 
Buffalo,  New  York  and  Philadelphia  Railroad  Company.  (See  Fig- 
ure 2). 

At  the  same  time  the  counsel  of  one  of  the  railroads  threw  out  hints 
of  another  plan  which  was  being  prepared,  but  declined  to  speak 
farther  in  explanation  of  the  matter.  The  plan  referred  to  was  doubt- 
less the  Buchholz  plan,  so  called,  which  appeared  later. 

The  report  of  Mr.  Wellington,  Mr.  Krause  and  Mr.  Mann  followed 
closely  after  this  meeting,  and  as  they  agreed  in  all  essential  features, 
they  are  classified  as  one  report  in  Figure.  2. 

Mr.  Wellington  in  his  report  says  : 

"If  we  have  a  crossing  of  a  single  street  and  railroad  in  a  fiat 
country,  it  is  a  matter  of  indifference  whether  we  raise  the  tracks  and 
drop  the  street,  or  vice  versa.  If  the  track  be  underneath,  it  requires 
a  nineteen  foot  clearance  headway  and  the  street  only  eleven  feet,  that 
is  all.  But  if  we  have  a  network  of  tracks  to  separate  from  a  network 
of  streets,  even  partially,  the  case  is  different.  It  is  impossible  to  raise 
the  track  at  one  place  and  the  street  at  another  indifferently  ;  either 
the  street  must  everywhere  go  underneath  or  everywhere  on  top. 
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Otherwise  if  the  tracks  be  raised  at  one  point  and  lowered  at  another 
there  is  a  considerable  stretch  in  between  where  a  proper  crossing  of 
any  kind  is  made  impossible  for  lack  of  head  room.  There  appears  no 
room  for  doubt  that  the  natural  method  in  Buffalo  is  to  raise  the  tracks 

and  not  the  streets  for  several  reasons  unless  in  a  small 

district  at  the  extreme  south  of  the  City  where  the  conditions  are 
special  ....  at  the  Ohio  Basin  which  is  the  exceptional  district 
referred  to." 

The  amount  of  railroad  trackage  in  the  City  at  this  time  was  given 
by  the  City  Engineer  as  about  450  miles,  and  the  amount  of  traffic  at 
Clinton  Street — Erie  Railroad — was  said  to  be  by  actual  count  as 
follows  : 

In  a  day  of  eleven  and  a  half  liours,  152  trains  and  708  teams,  and 
the  switching  of  trains  occupied  three  full  hours,  when  the  street  was 
absolutely  obstructed. 

The  report  of  the  Railroad  Commissioners  followed  shortly  after  this, 
dated  Nov.  10,  1887.     (See  Figure  2). 

The  following  appears  in  the  report  : 

"In  a  general  way,  however,  it  may  be  said  that  the  tracks  in  that 
portion  of  the  City  .south  of  the  Hamburg  Canal  and  west  of  Alabama 
Street  are  so  closely  connected  with  manufacturing  and  industrial 
establishments,  elevators,  etc.,  etc.,  that  to  elevate  them  would  so 
seriously  interfere  with  tlie  industries  of  Buffalo  as  to  be  inexpedient, 
if  not  impossible. 

To  the  north  and  west  of  this  section  the  elevation  of  the  entire  sys- 
tem at  present  certainly  would  be  exceedingly  expensive,  and  probably 
undersirable.  The  Board  deems,  however,  that  in  the  future  such 
elevation  will  not  only  be  desirable  but  absolutely  neccessary,  and  any 
plan  for  present  relief  which  does  not  take  this  into  consideration 
would  be  very  unwise." 

Some  of  the  difficulties  of  the  problem  were  evidently  well  under- 
stood b}^  the  Board,  as  the  following  shows  : 

' '  Elk  Street  and  Abbott  Road  ;  after  a  careful  inspection  of  these 
two  streets,  while  the  Board  is  impressed  with  the  great  desirability  of 
relieving  them  of  the  railroad  obstructions  at  the  various  crossings,  it 
is  equally  or  more  impressed  with  the  difi&culties  of  so  doing.  It  can- 
not consistentl}^  recommend  overhead  highway  bridges,  for  it  believes 
that  the  tracks  will  eventually  be  elevated  sufficiently  to  permit  under 
crossings,  nor  can  it  recommend  a  depression  of  these  two  streets  for 
the  drainage  will  not  admit  of  it." 

Clinton  Street  is  mentioned  as  being  .similar  to  Elk  Street  and  Abbott 
Road. 
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In  Jan,    1888,  a  plan  was  prepared  by  Mr.  Chas.  W.  Buchholz, 
Engineer  for  the  Erie  Railroad,  the  plan  so  m\^steriously  referred  to 
the  railroad  representative  at  the  hearing  of  October  19,  1887. 

Whether  or  not  the  plan  was  authorized  by  the  Erie  Railroad  was  not 
clear  ;  it  was  prepared  with  much  detail,  and  doubtless  represented  Mr. 
Buchholz 's  best  judgment  rather  than  the  plan  submitted  by  the  rail- 
road engineers  in  October. 

The  plan  ^  See  Figure  2)  provided  for  an  exchange  of  lands  between 
different  railroad  companies,  that  would  simplif\  the  problem  and 
allow  the  railroads  to  enter  a  union  terminal.  Briefly  the  plan  was  as 
follows  : 

A  Union  Depot  and  Storage  Tracks  occupying  the  tract  bounded  b}^ 
the  Hamburg  Canal,  Exchange,  Washington  and  Michigan  Streets. 
Round  House,  Repair  Shop  and  Yards  bounded  by  the  Canal,  Ex- 
change, Michigan  and  Louisiana  Streets  ;  and  also  a  Round  House 
east  of  Louisiana  Street. 

A  new  street,  (Warren  Street),  to  be  located  about  370'  south  of  the 
Canal,  and  extending  from  Michigan  to  Alabama  Street. 

Scott  Street  to  be  discontinued. 

Chicago  Street  to  be  discontinued  from  Warren  to  Seneca. 

Alabama  Street  to  be  discontinued  from  Scott  to  Exchange. 

Carroll  Street  widened  from  Michigan  to  Alabama  and  freight 
hou.ses  to  be  located  on  the  two  blocks  bounded  by  Exchange,  Carroll, 
Michigan  and  Alabama  Streets. 

Viaducts  to  be  built  on  Michigan  and  Louisiana  Streets,  from  Seneca 
to  Warren. 

Michigan  street  to  be  widened  on  the  east  side,  from  Exchange  to 
Seneca,  and  on  tlie  west  side  from  Carroll  to  Seneca. 

Louisiana  Street  to  be  widened  on  the  west  side  from  Exchange  to 
Seneca. 

Tlie  plan  was  looked  upon  favorably,  although  some  objected  to  the 
proposed  viaducts  at  Michigan  and  Louisiana  Streets. 

On  March  13th,  1888,  a  report  was  received  by  the  Committee  on 
Grade  Crossings  of  the  Merchants'  Exchange,  signed  by  the  following 
gentlemen  : 

John  Bogart,  A.  M.  Wellington,  George  E.  Mann,  George  W. 
McNulty,  Walter  Katte,  C.  W.  Buchholz,  Henry  Flad. 

This  report  was  prepared  in  compliance  to  a  request  in  the  form  of  a 
resolution  previously  passed  by  the  Grade  Crossing  Committee,  "  to 
consider  and  report  upon  a  plan  for  the  consideration  of  the  commit- 
tee." 
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The  report  is  a  modification  of  the  Buchholz  plan,  and  includes  the 
union  terminal  feature.  The  plan  also  provides  for  admission  of  the 
Lehigh  Valley  Railroad  by  changing  its  line  to  the  north  side  of  the 
canal. 

It  is  shown  in  detail  in  Figure  2. 

All  of  the  Thirteenth  Ward  south  of  Elk  Street  is  mentioned  as- 
being  so  low  and  so  largely  given  up  to  railroad  interests  that,  "it 
seemed  sufficient  to  provide  a  few  main  arteries  of  travel  across  it 
without  attempting  to  provide  for  a  normal  development  of  City  streets 
within  it.  Therefore,  street  crossings  over  the  railroads  with  suffi- 
ciently easy  grades  seem  unobjectional^le  at  any  point  within  this  dis- 
trict where  they  are  found  more  convenient." 

For  the  territory  north  and  east  of  the  "  Exchange  street  region," 
the  Board  advised  that  plans  be  prepared  as  .soon  as  possible  for  the 
elimination  of  all  grade  crossings.  The  actual  construction  to  be  post- 
poned until  needed. 

The  Board  recommended  that  this  separation  of  grades  be  accom- 
plished in  some  cases  by  raising  the  tracks,  in  others  by  depressing 
the  streets,  and  in  still  others  by  changing  the  grades  of  both  in  part. 

The  report  of  the  Board  of  Engineers  was  adopted  by  the  Grade 
Crossing  Connnittee,  and  a  bill  at  once  .sent  to  the  Legislature,  which, 
as  signed  by  the  Governor  on  May  22,  1888,  provided  for  the  following 
as  members  of  the  Grade  Crossing  Commi.s.sion  of  the  City  of  Buffalo,, 
any  six  of  whom  were  authorized  to  enter  into  contract  with  the  rail- 
roads on  behalf  of  the  City  : 

Robert  B.  Adam,  George  Sandrock,  Edward  H.  Butler,  Frederick 
Kendall,  John  B.  Weber,  Solomon  Scheu,  William  J.  Morgan,  Charles 
A.  Sweet,  James  E.  Nunan. 

As  organized  Mr.  Adam  was  made  Chairman,  Mr.  Morgan,  Secre- 
tary, and  Mr.  Spencer  Clinton  was  appointed  Attorney. 

Mr.  Mann  served  in* the  capacity  of  Engineer  to  the  Commissioners, 
originally  as  City  Engineer,  and,  later  in  the  employ  of  the  Commis- 
sioners. 

Later  Mr.  H.  D.  Kirkover  was  added  to  the  Commission  and  Messrs. 
James  Ryan  and  Aue:ustus  F.  Scheu  took  the  places  of  James  E.. 
Nunan,  and  Solomon  Scheu,  both  deceased. 

In  October,  1897,  Mr.  Mann  died,  and  Mr.  Edward  B.  Guthrie  was 
appointed  to  fill  his  place. 

Aside  from  the  changes  noted,  the  Commission  is  at  present,  the 
same  as  originally  organized.  The  members  serve  without  compensa- 
sation.  They  have  been  most  painstaking  and  have  at  all  times,  en- 
joyed the  complete  and  perfect  respect  of  the  citizens  of  Buffalo, 
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Immediately  after  organization  the  Commissioners  began  communi- 
-cating  with  the  various  railroads  for  the  purpose  of  entering  into  con- 
tract on  the  basis  of  the  report  of  Mr.  Bogart  and  others,  which  was 
met  on  the  part  of  the  railroads  with  delays  and  postponements. 

Finally  Mr.  Depew  of  the  N.  Y.  C.  &  H.  R.  R.  R.  openly  declared 
that  the  Railroad  Company  he  represented  was  unwilling  to  enter  into 
any  Union  Terminal  scheme,  because  of  the  greater  facilities  given 
other  roads  at  the  expense  of  his  own,  but  with  that  feature  cut  out, 
the  Central  Railroad  was  willing  to  go  ahead. 

The  Erie  Railroad,  through  its  President,  Mr.  King,  disclaimed  any 
l^nowledge  of  the  Buchholz  plan  or  of  any  Union  Terminal  scheme. 

The  plan  of  the  Board  of  Experts  was  without  doubt  the  most  prac- 
tical one  that  had  been  prepared,  and  it  is  to  be  regretted  that  con- 
flicting interests  prevented  its  being  carried  out. 

In  the  latter  part  of  1888,  the  Lehigh  Valley  R.  R.  entered  into  a 
contract  with  the  City,  which,  however,  called  for  but  a  small  change 
in  the  grades  of  the  tracks,  and  that  change  incident  to  those  in  con- 
nection with  the  N.  Y.  C.  &  H.  R.  R.  R. 

During  the  seven  years  following  1888,  the  Commissioners  met  ob- 
stacles on  every  hand,  and  all  that  was  accomplished  was  due  to  their 
grit  and  determination. 

The  X.  Y.  C.  &  H.  R.  R.  R.  signed  a  contract  with  the  Commis- 
sioners on  October  11,  1889,  and  supplemental  contracts  in  March, 
1 89 1  and  November  30,  1894. 

The  law  as  originally  passed  in  1888  was  amended  in  1890,  and 
again  in  1892,  each  successive  act  giving  more  power  to  the  Com- 
missioners, and  receiving  more  opposition  from  the  Railroads. 

The  Commissioners  prepared  a  general  plan  previous  to  1892,  which 
in  the  number  and  location  of  structures  agreed  very  closely  with  the 
one  shown  in  Figure  i,  but  differing  from  it  in  the  following  respects  : 

The  plan  provided  for  taking  land  at  the  .sides  of  approaches,  by 
which  means  access  to  abutting  property  was  maintained  at  the  original 
ground  elevation,  which  under  the  present  plan  is  done  in  only  a  few 
cases,  as  at  Michigan  street,  and  the  roadway  for  a  66'  street  was  but 
32'  wide,  instead  of  42'  as  under  the  present  plan. 

No  sidewalks  were  provided  on  approaches  to  viaducts,  but  stair- 
ways instead,  on  either  side  of  the  railroad  property,  and  sidewalks  on 
the  bridges  immediately  over  the  tracks. 

At  the  hearings  attendant  upon  this  plan  a  well  organized  opposition 
was  in  evidence  on  the  part  of  the  residents  south  of  Seneca  street. 

These  opponents  to  the  plan  proposed  were,  no  doubt,  sincere  in 
their  opposition,  but  in  many  instances  the  opposition  came  from  a  lack 
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of  knowledge  of  the  conditions  which  would  result  from  the  execution 
of  the  plan. 

In  July,  1892,  Messrs.  E.  L.  Corthell,  of  Chicago,  and  Augustus 
W.  Locke,  of  North  Adams,  Mass.,  were  invited  by  tlie  Cliairman  of 
the  Commissioners,  pursuant  to  a  resolution  passed  by  the  Common 
Council,  to  study  the  conditions  existing,  and  also  the  plan  proposed, 
and  make  a  report,  and  to  outline  a  plan  which  seemed  most  feasible. 

The  Chairman  of  the  Board  of  Public  Works  was  requested  to  act 
with  the  experts.  Their  report  was  presented  in  September,  1892.  A 
vast  amount  of  data  w^as  collected  at  that  time,  a  part  of  which  is  given 
in  Figure  3.  The  trackage  shown  in  Figure  i  is  taken  from  a  map  of 
that  period. 


Pig.  3. — Traffic  at  Crossings  in  1892. — Buffat^o  Grade  Crossing 

Improvement. 


Street. 

Time. 

Pedestrians. 

1\  i)ple  in  Vehicles. 

Street  Car  Passengers. 

Total  Number  of  People  pass 
ing  along  Street. 

Number  of  Teams. 

Number  of  Street  Cars. 

Number  of  Trains,  Light  En- 
gines and  Trains  Switched. 

Main 
and 
Terrace, 

6  a.m. — 6  p.m.,       July  20,  '92 
6  p.m. — 6.  a.m.,  July  20-1,  '92 

Total, 

6991 
3496 

3115 
520 

677216878 
3686  7702 

2140 
436 

575 
210 

153 
36 

10487;  3635  10458 

24580 

2576 

785 

Michigan 

t 

6  a.m. — 6  p.m.,       July  20,  '92 
6  p.m. — 6  a.m.,    July  20-1,  '92 

Total, 

5.30  a.m. -6. 30  a.m.,  July  26,  '92 

5340 
1550 

6890 
1640 

2899 
1162 

4061 
519 

None 

8239 
2712 

2158 
1 149 

None 
( ( 

<  ( 

760 

128 

888 
53 

1095 1 
2159 

3307 
397 

Chicago 

t 

6  a.m. — 6  p.m.,       July  28,  '92 
6  p.m. — 6  a.m.,    July  28-9,  '92 

Total, 

8  a.m. — 9  a.m.,       July  28,  '92 

3285  597 
650  61 

None 

3882 
711 

476 
39 

None 

718 
508 

3935 
360 

658 
114 

4593 
474 

515 

83 

1226 
89 

Louisiana, 

t 

6a.m. — 6.  p.m.,       July  20, '92 
6  p.m. — 6  a.m.,    July  20-1,  '92 

Total, 

10  a.m. — II  a.m.,    July  26,  '92 

885 
305 

1398 
410 

None 

2283 
715 

1293 
344 

None 

(  c 
( ( 

499 
118 

617 
67 

1 190 
425 

1808 
294 

2998 
719 

1637 
254 

t  Hour  of  Maximum  Travel. 
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Messrs.  Corthell  and  Locke  state  in  their  report  that  their  plan  em- 
braces the  best  features  of  the  two  plans,  that  of  Mr.  Spencer  and  the 
Buchholz  plan. 

It  provided  for  joint  elevated  terminal  passenger  and  freight  stations, 
together  with  the  general  elevation  of  tracks.    See  Figure  2. 

Engineer  Mann  in  speaking  of  the  plans,  said,  "  They  are  utterly 
impracticable.  Theoreticalh^  they  are  perfect,  but  it  is  impossible  to 
carry  them  into  effect.  Everything  is  against  them.  It  is  a  settled 
question,  that  there  can  be  no  union  terminals,  and  without  that,  the 
plans  are  useless.  " 

Gen.  George  S.  Field,  the  Chairman  of  the  Board  of  Public  Works, 
submitted  a  minority  report. 

In  that  report  he  expressed  practically  the  same  ideas  as  those  of 
Mr.  Mann  mentioned  above,  and  concluded  by  recommending  the  plan 
of  the  Commissioners  with  certain  changes  as  follows  : — 

Greater  headroom  over  rails,  generally  20  feet,  but  where  freight  cars 
are  moved  slowly,  or  over  passenger  tracks,  ''this  could  properly  be 
reduced  Grades  on  approaches  4%  or  less.  Approaches  full  width 
of  streets. 

These  suggestions  were  followed  in  the  main,  and  the  general  plan 
as  modified,  and  as  it  exists  today  is  that  shown  in  Figure  i. 

The  whole  question  was  again  where  it  had  been,  which  required 
dealing  with  the  various  railroads  separately. 

One  after  another  the  contracts  were  executed,  the  general  condi- 
tions of  which  are  shown  in  Figure  4. 

For  the  sake  of  ,  reference  outlines  of  the  State  laws  of  New  York, 
Massachusetts  and  Connecticut  are  given  in  this  connection. 

In  the  contract  with  the  D.  L.  &  W.  R.  R.,  the  apportionment  of 
cost  was  not  fixed,  but  as  provided  in  the  Grade  Crossing  Act,  an  ap- 
plication was  made  to  the  Court  for  the  appointment  of  a  Commission 
of  three  to  fix  the  apportionment. 

Three  non-residents  of  Buffalo  were  named  and  reported  as  shown 
in  Figure  4. 

The  City  of  Buffalo  is  required  by  contract  with  the  railroads  to 
maintain  both  the  Viaducts  and  Subways,  together  with  the  approaches. 

Provision  is  made  in  the  contracts  with  the  Erie  Railroad,  tlie  N.  Y. 
C.  &  St.  E.  R.  R.  and  the  W.  N.  Y.  &  P.  R.  R.  for  the  City  to  ad- 
vance the  money  necessary  for  their  share  of  the  work  as  it  is  needed. 
The  City  raises  all  money  for  the  improvement  by  issuing  bonds,  and 
the  amount  chargeable  to  the  railroads  mentioned  is  to  be  repaid  to 
the  City  in  20  equal  annual  in.stallments  with  interest  at  the  same  net 


I^iG.  4.— RAIIvROAD  CONTRACTS  WITH  THE  CITY. 
Also  conditions  governing  work  done  under  State  Laws  and  in  the  City  of  Chicago. — Buffalo  Grade  Crossing  Improvement. 

Rem.arks. 

State  appropriates  $100,000 
each   year   for   its  share  of 
work,  or  that  amount  reduced 
by  what  remains  unexpended 
from  the  previous  year. 

State  ai)propriates  $500,000 
each  year  for   its   share  of 
work.    Total  expenditure  by 
State  not  to  exceed  $5,000,000. 

Railroads  required  to  apply 
for  abolition   of   one  grade 
crossing  for  every  60  miles  of 
road  operated,  in  the  vState, 
each  year. 

Maintenance. 

vSubways  to  carry  streets  under  Rail- 
roads, Viaducts,  and  Bridges  to  carry 
.streets  over  Railroad,  and  all  ai)])roach- 
es  maintained  by  city. 

Same  as  N.Y.C.  &  H.R.R.R.  Contract. 

Same  as  N.Y.C.  &  H.R.R.R.  Contract. 

Same  as  N.Y.C.  &  H.R.R.R.  Contract. 

Same  as  N.Y.C.  &  H.R.R.R.  Contract. 
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rate  as  is  borne  b}'  the  bonds.  In  case  the  bonds  sell  at  a  premium 
the  railroads  receive  their  proportionate  benefit  of  such  premium. 

In  each  contract,  each  individual  structure  is  taken  up  separately 
and  described  in  a  general  way. 

Skeleton  plans  of  each  structure  were  also  prepared,  and  are  a  part 
of  the  contract.  The  dividing  lines  between  "  approach  work  "  and 
that  paid  for  b}-  the  railroads  alone  are  in  general  the  exterior  property 
lines  of  the  railroads  extended  across  the  street.  Everything  between 
these  lines  is  paid  for  b}"  the  several  railroads  interested  in  proportion 
to  their  frontage. 

On  the  22nd  of  May,  1895,  the  first  shovelful  of  earth  on  the  work 
at  Michigan  Street  was  turned  by  Mr.  Mann,  the  Engineer  for  the 
Grade  Crossing  Commissioners. 

Since  that  time  the  following  pieces  of  work  have  been  begun  in  the 
order  given  : 

Michigan  Street,  Main  Street  and  Terrace,  Washington  Street,  Chi- 
cago Street,  Clinton  Street — Erie  Railroad  crossing,  Seneca  and  Smith 
Streets,  Swan  and  Seymour,  William  Street— N.  Y.  C.  &  H.  R.  R.  R. 
crossing,  Seneca  Street — D.  L.  &  W.  R.  R.  crossing,  and  Seneca-Ham- 
burg Streets. 

All  of  the  above  have  been  completed,  except  the  last,  wdiich  was 
begun  in  July  of  last  year,  and  will  be  completed  in  about  a  year  from 
that  time. 

The  Grade  Crossing  Act  provides  that  the  work  may  be  built  under 
the  direction  of  either  the  City  or  the  Railroads. 

The  approach  work  on  Michigan  Street,  Main  Street  and  Terrace, 
and  on  Washington  Street  was  advertised  and  built  by  the  City  ;  the 
superstructures  and  those  parts  of  the  substructures  paid  for  by  the 
N.  Y.  C.  &  H.  R.  R.  R.  alone,  were  built  by  that  Company.  Fortu- 
nately the  substructural  contractor  for  the  City  was  also  the  contractor 
for  the  railroad  company  on  all  of  this  work  and  fearing  that  if  in  the 
future  the  same  methods  were  followed  in  the  letting  of  the  work  two 
contractors  might  be  thrown  together  on  the  same  ground,  the  Com- 
missioners decided  to  either  advertise  the  whole  work  on  any  crossing, 
or  place  it  in  the  hands  of  a  railroad  company. 

Accordingly  Chicago  Street,  Clinton  Street  and  Seneca-Smith  Streets 
were  advertised  and  built  by  the  City  ;  Swan  &  Seymour  and  William 
Streets  by  the  N.  Y.  C.  &  H.  R.  R.  R.  Company,  Seneca  Street  by 
the  D.  L.  &  W.  R.  R.  Company,  and  Seneca-Hamburg  is  being  built 
by  the  City. 

Plans  for  the  substructure  are  prepared  either  by  the  City  or  by  the 
10 
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railroad  company  having  the  work  in  charge,  and  are  approved  by  all 
concerned. 

Tlie  work  wlien  done  by  the  City  is  advertised,  and  when  let  by  the 
railroad  company,  bids  are  invited,  and  in  either  case  the  work  is  given 
to  the  lowest  responsible  bidder. 

The  snperstructural  work  is  under  a  separate  contract,  and  is  let  in 
the  same  manner. 

The  bridge  plans  for  Chicago  Street  and  Seneca  and  Smith  Streets 
were  prepared  by  Mr.  Albert  Lucius,  of  New  York,  in  the  employ  of 
the  City,  and  those  for  Seneca- Hamburg  and  some  other  structures 
still  to  be  built  by  Mr.  F.  E.  Osborn  of  Cleveland,  who  was  also 
employed  by  the  City.  All  other  superstructures  were  designed  by 
the  railroads  building  the  same. 

The  term  Viaduct  is  used  in  speaking  of  a  crossing  at  wliich  the 
street  is  carried  by  a  bridge,  or  by  bridges  over  the  railroad,  and  the 
term  Subway,  where  the  street  passes  under  the  railroad.  Except  in 
special  cases  all  that  part  of  an  approach  to  a  viaduct  underneath  which 
a  clearance  of  13  or  more  feet  can  be  attained,  is  built  of  steel,  and  the 
remainder  of  the  approach,  is  made  by  building  an  abutment  and  re- 
taining walls,  ana  filling  between  with  earth.    (See  Figure  6.) 

The  superstructure  of  a  viaduct  is  supported  either  by  piers  or  steel 
columns.  Generally  speaking  the  faces  of  abutments  to  subways  are 
located  at  the  street  lines,  and  in  some  cases  intermediate  columns  are 
placed  in  the  street.  The  wing  walls  are  never  carried  beyond  the 
railroad  property  lines,  and  the  earth  in  front  of  private  property  is  ex- 
cavated to  a  plumb  line  ;  all  on  the  supposition  that  eventually  private 
property  will  be  graded  to  the  new  street  grade. 

The  Subways  are  covered  with  a  tight  floor,  which  excludes  all  light 
and  air  from  below,  except  that  coming  from  either  end.  This  results 
in  a  rather  damp  and  dark  condition,  which  is  certainly  objectionable. 

It  may  be  remarked  in  passing,  that  this  feature  is  not  unnoticed  by 
the  public,  while  the  viaducts  are  spoken  of  favorably. 

SUBSTRUCTURES. 

The  substructural  work  is  advertised  by  the  City  under  the  several 
heads  noted  in  Figure  5  ;  prices  are  required  for  each  and  everj^  item, 
whether  a  quantit}^  appears  for  that  item  or  not  ;  the  prices  include  the 
labor  of  putting  the  material  in  place. 
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Fig.  5.— form  OF  BID  SHEET  FOR  SUBSTRUCTURAL  WORK— BUFFALO 
GRADE  CROSSING  IMPROVEMENT. 

The  following  is  a  statement  based  upon  approximate  estimates  made  by  the  En- 
gineer of  the  Commission,  of  the  nature  and  quantities  of  the  work  and  materials 
embraced  in  and  required  to  fill  the  specifications,  and  which,  while  it  is  compiled 
with  as  much  accuracy  as  possible  in  advance,  must  be  understood  as  being  ap- 
proximate only,  and  the  contractor  must  satisfy  himself  and  verify  its  accuracy  by 
personal  examination  of  the  site  of  the  work  and  its  surrounding  conditions,  and 
will  not  be  allowed,  at  any  time  after  the  execution  of  a  contract,  to  dispute  the 
accuracy  of  this  estimate,  or  set  up  any  claims  whatever  based  on  its  alleged  inac- 
curacy, or  to  claim  any  misunderstanding  in  regard  to  the  nature  or  amount  of  the 
work  to  be  done  or  quantities  of  material  to  be  furnished  under  such  contract.  The 
list  of  quantities  hereto  shall  be  attached  and  become  a  part  of  the  contract. 

QUANTITIES. 

Plans— I  to  6.  Street— Elk-Abbott. 

DESCRIPTION.  QUANTITIES.  PRICE. 
Brick. 

Brick,  per  M   M.  14.00 

Concrete. 

Concrete  in  foundation,  etc.,  natural  cement   285  cu.  yds.  3.46 

Concrete  in  sidewalks  and  about  curbing,  natural  cement__  410     "  3.40 

Concrete,  Portland  cement   3,569     "  4.40 

Crosswalks — Stone. 

Crosswalks  to  be  taken  up,  including  sand  or  concrete   828  sq.  ft.  .02 

Crosswalks  to  be  relaid,  including  concrete  and  sand   "  .24 

Crosswalks  to  be  relaid,  including  sand   "  .13 

Crosswalks,  new,  including  concrete  and  sand   3,357      "  -36/^ 

Crosswalks,  new,  including  sand   "  .31 

Curbing. 

Curbing  to  be  taken  up,  except  within  lines  of  pits  or 

trenches   2,568  lin.  ft.  .02 

Curbing,  reset   699      "  .10 

Curbing,  new  work,  exclusive  of  concrete   4,500      "  -33/^ 

Excavation. 

Excavation,  solid  rock   cu.  yds.  2.45 

Excavation,  loose  rock   "  1,25 

Excavation  in  foundation,  earth,  including  sewers,  paving, 

curbing  and  crosswalks  within  lines  of  pits  or  trenches  7,370      *'  -'h^Vz 

Excavation  for  new  subgrade  in  streets,  earth   i,i74      "  .30 

Fill. 

Filling  approaches  and  ramps  to  subgrade  ( excess  of  exca- 
vation), measured  as  specified   17,245      "  •25>^ 

Filling  cellars,  measured  as  specified   81      "  .26^ 

Iron. 

Wrought  iron   3,376  pounds.  .04 

Cast  iron   "  .03  >^ 

4-in.  standard  cast-iron  pipe,  built  through  walls,  6  ft.  be- 
low top,  for  service  connections   385  lin.  ft.  .32>^ 
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Manholes 

Manholes,  new,  3  feet  high   3  Manh'ls.  12.66 

Manholes,    "     4       "    3       "  i5-2o 

Manholes,    "     5       "    4       "  i7-5o 

Manholes,    "     6       "    "  19.00 

Manholes,    "     7       "    i       "  20.00 

Manholes,    "     8       "    "  21.00 

Manholes,    "     9       "   i       "  25.00 

Manholes,    "    10  to  12  feet  high   i       "  3i-5o 

Manholes,    "    12  to  15       "    "  45.00 

Manholes,    "    15  to  18       "    "  49-50 

Manholes,    "    18  to  20       "   "  53-oo 

Manholes,  rebuilt   69  lin.  ft.  1.75 

Masonry. 

lo-in.  coping,  abutments  and  approaches,  Medina  sand- 
stone   11,667  sq.  ft.  .69)^ 

1 2-in.  coping,  abutments   169      "  .75 

i6-in.  coping,  on  piers   611      "  -^lYi 

i2-in.  wheel  guard   "  .98 

Bridge  seats  or  column  bases   i)i93  cu.  ft.  .70 

Fender  posts   54      "  2.00 

Steps,  Medina  sandstone   "  2.00 

First-class  masonry   357  cu.  yds.  9.00 

Second-class  masonry,  retaining  walls  and  ramps,  includ- 
ing concrete  filling   6,074      "  5-52/4. 

Third-class  masonry,  retaining  walls,  etc   "  4-52/^ 

Pavement. 

Pavement  taken  up,  stone,  including  concrete  base   sq.  yds.  .40 

Pavement  taken  up,  stone,  including  sand  base   "  •32>^ 

Pavement  taken  up,  stone  alone   i,977      "  -lo 

Pavement  taken  up,  asphalt,  including  concrete  base   174      "  .22^ 

Pavement  taken  up,  asphalt,  exclusive  of  concrete,  except 

within  lines  of  pits  or  trenches   "  .27>^ 

Pavement  relaid,  Medina  block,  including  concrete  base__  "  2.25 

Pavement  relaid,  stone,  on  a  sand  base   95      "  .50 

Pavement,  new,  Medina  block,  including  a  concrete  base, 

with  maintenance  guarantee  of  10  years   8,050      "  2.60 

Pavement,  new,  stone,  including  sand   "  2.00 

Pavement,  new,  stone  alone   "  ^-^7/4 

Pavement,  new,  asphalt,  including  binder  and  concrete 

base,  wnth  maintenance  guarantee  of  10  years   i)7i9      "  2.50 

Pavement,  new,  asphalt,  including  binder   899      "  i-77/^ 

Piling-. 

Piling  in  foundation   9,026  lin.  ft.  •24>^ 

Piling  in  coffer-dams   "  .28^^ 

Piling  in  false  work   "  .28^ 

Patling-. 

Iron  railing,  including  Posts  shown  on  plan   3,295      "  i-92^ 

Cast-iron  railing  Posts,  in  addition  to  those  shown   20  Posts  9-^7/4 
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Receivers. 

Receivers,  new   10  Receiv's 

Receivers,  reset   5  " 

Sewers  and  House  Connectio?is . 

Ijicluditig  Excavation  and  back  filling. 

Sewers,  new,  36-in,  brick   lin.  ft. 

Sewers,     "      24-in.    "    " 

Sewers,     "      i8-in.  tile    '* 

Sewers,     "      15-in.    "   " 

Sewers,     "      12-iu.    "    25  " 

Sewers,     "      lo-in.    "    1,630  " 

Sewers,     "       9-in.    "    176  " 

Sewers,     "       8-in.    "    *' 

Sewers,     "       6-in.    "    838  " 

Sewers,  relaid,  i8-in.    "    " 

Sewers,     "      15-in.    "    " 

Sewers,     "      12-in.    "    " 

Sewers,     "      lo-in.    "    " 

Sewers,     "       9-in.    "    *' 

Sewers,     "        8-in.    "    " 

Sewers,     "        6-in.    "    " 

Sidewalks. 

Sidewalks  to  be  taken  up,  wood,  except  within  lines  of  pits 

or  trenches   7,830  sq.  ft. 

Sidewalks  to  be  taken  up,  stone,  including  sand,  except 

within  lines  of  pits  or  trenches   24  " 

Sidewalks  relaid,  wood   " 

Sidewalks  relaid,  stone,  including  sand  

Sidewalks,  new,  stone,  exclusive  of  concrete,  but  includ- 
ing two  inches  of  sand   27,008  " 

Sidewalks,  new  stone,  including  six  inches  of  sand   8,652  " 

Timber. 


-  Including  spikes. 


M. 


55-176 


35-00 
15.00 


3-49 
2.8i>^ 
1.90 
1.52^ 
1.04 
.72>^ 

.60 

.62^ 

•50 
1.44 
1.25 

1.00 

.82>^ 

.68 >^ 

.50 

.45 


.02 
,10 

.I2j 

.22; 
.25 


40.00 
30.00 
16,00 
24.50 


Oak,  per  M. 

Pine,  per  M.,  sidewalks,  etc. 
Hemlock,  per  M. 
Beach  or  maple,  per  M. 

Total  

Note. — Prices  must  be  given  for  following  items, 
which  will  govern  in  case  Maintenance  Guarantee  is 
not  required. 

Pavement,  new,  asphalt,  including  binder  and  concrete 

base,  without  maintenance  guarantee  for  10  years  

Pavement,  new,  Medina  block,  including  a  concrete  base, 

without  maintenance  guarantee  of  in  years  

A  sum  sufficient  for  each  inspector's  pay  of  $5.00  per  day  is  understood  to  be  in- 
cluded in  prices  given. 

A  price  must  be  given  for  each  and  every  item  in  this  list,  whether  a  quantity 
appears  or  not. 

Note. — The  above  prices  were  derived  by  taking  an  average  of  the  middle  two, 
or  the  middle  price,  of  the  ten  under  "  Bid  No.  i,"  received  April  11,  1899. 

These  prices  are  a  fair  sample  of  those  paid  for  completed  work. 

Bid  No.  2  differed  from  Bid  No.  i  in  only  three  of  the  ten  proposals,  and  in  those 
three,  was  lower — 4/10  of  1%,  9/10  of  1%,  and  i  1/2%, 
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Recently  the  question  has  been  raised  by  the  Railroad  Corporations ; 
whether  or  not  the  improvement  comes  under  the  head  of  Municipal 
work,  and  is  therefore  subject  to  the  City  Ordinances  and  State  Laws 
regarding  the  same. 

The  right  to  require  a  guarantee  on  the  pavement  has  also  been 
questioned  by  the  railroads,  and  the  points  at  issue  are  now  in  the 
Courts  for  an  opinion,  (April,  1899). 

Pending  this  decision  bids  were  received  April  1 1,  1899,  for  the  Elk- 
Abbott  work. 

Two  separate  proposals  were  submitted  by  each  bidder,  as  follows  : 

Bid  No.  I,  based  on  doing  the  work  according  to  the  specifications 
complete,  which  include  certain  sections  relating  to  labor  organizations, 
hours  to  constitute  a  day's  work,  wages,  cutting  stone  within  the  state, 
etc.,  in  other  words,  on  the  basis  of  Municipal  work. 

Bid  No.  2,  is  based  on  the  above  sections  being  omitted. 

Each  of  the  bids  provides  two  prices  for  pavement,  one  with  a  ten 
year  guarantee,  and  one  without  the  guarantee. 

In  describing  the  methods,  plans,  etc.,  more  in  detail,  the  order  fol- 
lowed will  be  that  shown  in  Figure  5,  omitting  such  items  in  the 
description,  as  seem  self  explanatory. 

The  following  is  based  upon  the  latest  plans  and  specifications  : 

Brick. — Brick  is  paid  for  as  such  only  where  used  for  special  work 
not  covered  by  the  other  items. 

Concrete. — Concrete  is  made  in  the  proportions  of  one  (i)  of  cement, 
two  (2)  of  sand  and  five  (5)  of  broken  stone.  It  is  used  as  shown  in 
Figure  6,  and  also  in  the  construction  of  piers  and  about  steel  columns 
where  the  latter  are  carried  to  rock. 

Crossicalks. — Crosswalk  stone  are  specified  to  be  not  less  than  three 
and  one-half  (3^)  feet  in  length  by  six  (6)  inches  thick,  and  are 
either  eighteen  (18)  inches  or  two  (2)  feet  wide. 

The  foundation  is  in  every  case  the  same  as  that  of  adjoining  pave- 
ment. The  end  joints  are  made  diagonal  to  the  line  of  travel  to  pre- 
vent ruts  wearing  between  the  stone.  Medina  sandstone  is  the 
material  used. 

Curbing. — Curbing  is  specified  to  be  of  Medina  sandstone,  four 
inches  by  eighteen  (4"  x  18")  inches,  and  each  stone  not  less  than 
three  and  one-half  (3^)  feet  in  length. 

On  all  approaches  to  viaducts,  the  curbing  is  set  in  concrete,  as 
shown  in  Figure  6. 

Where  there  is  little  or  no  fill,  and  therefore  less  danger  of  the  curb 
settling  from  its  true  position,  it  is  set  in  a  full  bed  of  sand,  and  backed 
with  eight  (8)  inches  of  the  same. 
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Fig.  6. — Cross  Section  of  Approach  to  Elk-Abbott  Viaduct  at  West 
Abutment.    Buffalo  Grade  Crossing  Improvement. 


Fill. — As  noted  in  Figure  5,  only  the  fill  in  excess  of  excavation,  is 
paid  for  as  snch  ;  in  other  words,  earth  excavated  is  paid  for  but  once. 

The  material  available  for  fill  in  and  about  Buffalo,  is  clay,  sand  and 
loam,  in  varying  proportions.  It  has  been  found  necessary  to  allow 
the  material  to  settle  over  winter  before  paving,  to  secure  satisfactory 
results. 

Michigan  Street  south  approach,  Washington  Street  and  the 
approach  in  Exchange  Street  from  the  Chicago  Street  viaduct,  were  all 
paved  shortly  after  the  fill  was  put  in  place,  and  in  each  instance  a  set- 
tlement is  apparent. 

The  pavement  on  Washington  vStreet,  and  on  the  south  approach  of 
Michigan  vStreet,  is  the  stone  from  tlie  old  pavement  relaid  on  a  sand 
base,  while  the  fill  was  nearly  all  sand. 
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On  Exchange  Street  the  pavement  is  block  stone  laid  as  shown  in 
Figure  6. 

The  extreme  fill  on  Washington  Street  and  on  Exchange  Street  is 
about  six  and  one-half  (6)^)  feet,  and  on  Michigan  Street  only  two 
(2)  feet. 

On  other  pieces  of  work  where  the  extreme  depth  of  fill,  in  some 
cases  is  as  much  as  sixteen  (16)  feet,  and  the  pavement  a  block  stone 
on  concrete,  put  in  place  after  a  winter's  settlement,  the  results  have 
been  very  satisfactory,  and  but  little,  if  any  settlement  is  apparent. 

When  the  opening  of  a  viaduct  to  travel  will  be  seriously  delayed  by 
waiting  for  the  pavement,  temporary  plank  roadways  are  built  for  use 
until  such  time  as  it  will  be  safe  to  lay  the  pavement. 

The  fill  is  deposited  by  wagon  load,  or  thrown  up  by  shovelful  from 
the  trenches  on  either  side  where  the  retaining  wall  is  to  be  built. 
The  .specifications  require  that  the  material  shall  be  levelled  in  layers 
not  exceeding  six  (6)  inches  in  depth,  (previously  12  inches)  and 
rolled  or  pounded.  The  earth  is  kept  sufficiently  moist  to  compact 
well.  The  great  amount  of  teaming  over  the  fill,  and  the  piling  of 
stone  upon  it  during  the  progress  of  the  work,  undoubtedly  aid  in  com- 
pacting the  material. 

The  whole  question  of  filling,  the  material  used,  etc.,  is  one  of  the 
most  important  in  the  entire  work,  and  the  maintenance  guarantee  on 
the  pavement  places  the  contractor  in  a  position  to  do  the  work  of  fill- 
ing in  the  best  manner  possible,  that  the  cost  of  paving  repairs  will  be 
a  minimum. 

Iron. — Wrought  iron  is  used  principally  in  the  shape  of  twenty  (20) 
inch  by  three-fourths  (^)  inch  drift  bolts  in  the  grillage  for  piers. 
Cast  iron  is  little  used. 

Manholes. — Manholes  to  sewers  are  built  of  brick,  with  eight  (8) 
inch  walls,  and  are  from  two  (2)  feet  (at  the  top)  to  four  (4)  feet  (at 
the  bottom)  in  diameter. 

Cast  iron  heads  12  inches  deep,  and  cast  iron  perforated  covers  com- 
plete the  top  of  the  manholes. 

Masonry : — Coping. — Medina  sandstone  coping  is  specified  for  the  tops 
of  retaining  walls  and  abutments  of  viaducts,  for  the  reason  that  its  use 
is  in  part  that  of  a  sidewalk.  Yammertlial  stone,  the  local  stone  speci- 
fied for  first  and  second  class  masonry,  while  excellent  for  the  purpo.se 
for  which  it  is  used,  is  unsuitable  for  sidewalks  because  it  becomes 
smooth  with  wear. 

The  top  and  face  of  the  coping  is  finely  bush-hammered.  The  12 
inch  coping  on  abutments  is  laid  at  the  same  elevation  as  the  bridge 
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seats,  and  extends  from  the  seat  to  the  end  of  the  abutment  ;  it  is 
merely  for  a  finish  and  the  same  stone  is  used  as  for  the  abutment 
proper.  It  is  bush-hammered  on  top  and  has  a  chisel  draft  on  all  ex- 
posed edges.  The  16  inch  coping,  the  bridge  seats  and  the  column 
•bases  are  in  all  respects  similar  to  the  12  inch  coping  and  differ  only 
in  dimensions  and  in  the  uses  to  which  they  are  put. 

Wheel  Guard. — The  wheel  guard  is  used  on  approaches,  such  as 
that  on  Exchange  Street,  where  there  are  no  sidewalks  ;  it  is  of  the 
same  stone  as  that  used  for  the  retaining  walls  and  is  surmounted  by  a 
10  inch  coping  of  the  same  stone.  The  top  and  inner  corner  is 
.rounded  to  a  6  inch  radius,  and  serves  as  a  curb  to  the  pavement. 

Fender  Posts. — Fender  posts  are  made  from  Medina  sandstone,  and 
are  set  at  the  abutments,  as  a  protection  to  the  end  of  the  iron  work. 
They  are  18  inches  square,  and  stand  about  2  feet  above  the  pavement. 

First  Class  Masonry. — First  class  masonry  is  used  in  piers  from 
below  the  ground  surface  to  the  coping,  and  is  specified  to  be  of  Yam- 
-tuerthal  stone,  or  of  stone  equally  good,  approved  by  the  Engineer. 

A  light  cream  colored  sandstone,  from  near  Oil  City,  Pa.,  has  been 
used  on  much  of  the  work.  It  stood  a  Government  crushing  test 
nearly  equal  to  that  of  granite,  and  hardens  on  exposure.  It  is  a  very 
satisfactory  stone. 

The  Yammerthal  stone  previously  mentioned,  is  a  flinty  limestone, 
and  although  somewhat  difficult  to  dress,  is  in  every  way  satisfactory. 

The  stones  are  cut  to  the  same  dimensions  throughout  appearing  on 
the  face,  and  are  laid  with  one  half  (^)  inch  joints. 

The  piers  for  an  average  span  of  125  feet  are  5'-6"  under  coping  in 
a  direction  longitudinally  of  the  bridge,  and  increase  toward  the  ground 
with  a  Y2  inch  per  foot  batter  on  either  face.  The  other  dimension  is 
7'-6"  under  coping  and  increases  with  a  one  inch  per  foot  batter. 

The  corners  have  a  one  inch  chisel  draft  on  either  face. 

The  courses  vary  in  thickness  from  14  inches  to  24  inches,  and 
average  about  18  inches. 

Second  Class  Masonry. — Second  class  masonry  is  used  in  abutments, 
piers  and  retaining  walls,  any  one  course  of  which  is  the  same  thick- 
ness throughout,  and  is  laid  with  ^  inch  joints.  The  stone  used  is  the 
same  as  that  in  first  cla.ss  work,  and  while  12  inches  is  specified  as  the 
minimum  thickness  of  stones  in  any  course,  the  same  average  on  work 
done  holds  good  that  applies  to  first  class  work.  One-third  of  the  en- 
tire work  is  headers.  The  backing  is  of  roughly  squared  stone,  at 
least  2  cubic  feet  in  size,  and  all  spaces  or  voids  are  filled  with  concrete. 

Originally  this  was  not  done,  but  spawls  were  used  instead  ;  under 
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that  method  there  was  always  danger  of  a  lack  of  mortar  at  the  right 

place,  especially  when  the  iiiasoii  work  was  sublet  by  the  yard,  as  it 
was  in  some  instances. 

Second  class  work  includes  the  entire  masonry  in  the  abutments  and 
retaining  walls,  with  the  exception  of  coping,  etc,  noted  above,  and 
the  concrete  footing,  (See  Figure  6).  Retaining  walls  to  viaducts  are 
designed  such  that  the  thickness  at  any  point  above  the  concrete  foot- 
ing is  at  least  fths  of  the  height  above  that  point,  (for  abutments  ^  to- 
y^).  This  has  been  found  ample  for  the  fill  described  above.  The 
east  abutment  of  the  New  York  Central  railroad  bridge  over  State 
Street,  Rochester,  N.  Y.,  was  built  of  a  width  at  the  ground  about  0.40 
of  the  height  to  top  of  ties  and  failed  by  separating  from  the  retaining 
or  wing  walls. 

The  filling  back  of  the  abutment  was  a  soft  red  sand. 

Third  Class  Masonry. — Third  class  masonry  is  but  little  used,  and 
only  on  work  of  minor  importance. 

The  specifications  provide  for  laying  masonry  in  freezing  weather 
when  the  thermometer  is  not  lower  than  22  degrees  F.,  by  using  hy- 
draulic lime  in  mixture  with  the  cement  mortar  and  tempering  with 
brine. 

Pavement. — Block  stone  pavement  is  used  on  approaches  of  4%-i=  ;; 
and  in  Subways. 

The  material  used  is  the  best  quality  Hard  Medina  Sandstone,  so 
cut  that  the  stones  will  lay  with  joints  not  to  exceed  ^  inch. 

The  stones  are  bedded  in  a  .sand  cushion  over  a  concrete  base,  as- 
shown  in  Figure  6.  In  all  the  work  thus  far  done,  the  joints  between 
the  .stones  have  been  filled  with  a  Portland  Cement  grout,  made  of  one 
part  of  cement  to  one  part  of  sand. 

On  the  north  approach  of  Michigan  Street,  the  grout  was  poured 
from  the  mixing  trough  over  the  surface  of  the  pavement  and  swept 
down  the  \^/c  incline  until  it  disappeared.  Considerable  care  was  ex- 
ercised in  seeing  that  all  the  joints  were  filled,  and  but  little  head  given 
to  the  surplus  cement  that  might  lie  on  the  surface.  This  resulted  in 
a  pavement  that  has  stood  up  remarkably  well,  but  so  .smooth  that,  to- 
gether with  the  grade  on  which  it  is  laid,  it  has  been  found  necessary 
to  cut  out  the  cement  from  the  joints  for  a  depth  sufficient  to  give  a 
footing  for  horses. 

Since  then  all  surplus  cement  has  been  removed  from  the  surface  of 
the  pavement,  when  it  is  laid.  This  is  done  either  with  wire  brooms 
or  by  means  of  a  stream  of  water  from  a  hose  held  close  to  and  parallel 
to  the  surface. 
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x\sphalt  pavement  is  used  only  on  viaducts  and  other  places  where 
the  grades  are  comparative!}^  light,  although  there  are  streets  in  Buf- 
falo paved  with  asphalt  having  grades  of  5.10%,  4.40%,  3.90%,  etc. 

The  foundation  for  the  pavement  is  the  same  as  for  block  stone  6 
inches  of  concrete  ;  over  this  is  laid  a  1%  inch  course  of  binder  and  2 
inches  of  "  topping,"  or  wearing  surface. 

In  bids  recently  received,  the  difference  in  prices  for  pavement  with 
or  without  a  10  year  guarantee  were  almost  uniformly  30  cents  per 
yard  for  asphalt  and  15  cents  per  yard  for  block  stone.  These  figures 
doubtless  represent  the  actual  cost  of  maintenance  rather  than  those  in 
Figure  5. 

Pili?ig. — Piling  is  used  principally  under  piers,  where  the  rock  is  at 
too  great  a  depth  to  build  the  masonry  immediately  upon  it.  The 
piles  are  of  beech,  maple  or  oak,  about  7  inches  in  diameter  at  the 
small  end,  and  12  inches  at  the  butt  end,  and  are  driven  to  rock,  about 
3  feet  centers  either  Vv'ay  ;  of  sufficient  number  that  the  loading  per 
pile  is  about  20  tons.  The  tops  of  piles  are  cut  ofT  at  a  level  from  9^ 
to  10  feet  below  ground  surface,  and  above  this  level  are  built  succes- 
sively 2  feet  of  grillage,  4  feet  of  Portland  Cement  concrete,  and  fol- 
lowing this  the  second  class  masonry. 

Before  the  piles  are  driven  the  ground  is  excavated  to  a  depth  about 
2}4,  feet  below  the  proposed  elevation  of  tops  of  piles,  and  in  the 
course  of  driving,  this  distance  is  reduced,  that  is  the  ground  raises 
about  18  inches,  the  amount  varying  with  the  number  of  piles  driven, 
and  with  the  nature  of  the  soil. 

The  piles  are  .sawed  to  the  proper  grade  and  the  surrounding  ground 
is  leveled  i  foot  below  the  tops  of  the  piles,  I2"xi2"  hemlock  cap 
timbers  are  then  drift  bolted  to  the  piles  and  natural  cement  concrete 
filled  in  between  the  timbers  and  about  the  heads  of  the  piles  to  the 
tops  of  the  timbers. 

A  solid  floor  of  12"  x  12"  hemlock  is  then  laid  across  the  caps,  and 
on  this  is  built  the  Portland  Cement  concrete,  as  noted  above. 

Railijig. — A  hand-rail  3'6"  high  is  built  on  approaches  to  viaducts 
of  the  .same  design  as  that  on  the  viaduct. 

Receivers. — Receivers  of  local  make,  built  of  cast  iron  are  set  at 
necessary  points  at  the  line  of  the  curb,  and  connected  with  the  sewers 
by  9  inch  tile. 

Sewers. — The  price  per  foot  for  sewers  includes  the  cost  of  excava- 
tion and  back  fill. 

Sidewalks. — The  material  for  sidewalks  is  Medina  sandstone.  The 
stones  are  at  least  23^  feet  long,  2  feet  wide  and  4  inches  thick,  and  on 
approaches  to  viaducts  are  laid  as  shown  in  Figure  6. 
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Where  the  fill  beneath  is  slight,  the  stone  are  bedded  in  6  inches  of 

sand,  without  the  concrete  base. 

Timber. — Timber  is  used  as  noted  under  piling. 

SUPERSTRUCTURES. 

All  superstructures  over  subwaj^s  are  built  with  tight  floors,  either 
of  troughs  or  of  buckle-plate. 

On  the  work  of  this  character  along  the  line  of  the  N.  Y.  C.  & 
H.  R.  R.  R.,  girders  supporting  the  fl(jor  have  been  erected  along  each 
curb  line  and  along  the  center  line  of  the  street,  and  the  flooring  laid 
transversel}'  to  these  lines.  The  troughs  are  filled  with  binder  and 
ballast,  and  the  ties  and  rails  are  laid  as  on  adjoining  ground. 

By  this  method  the  Railroad  Company  is  in  a  position  to  shift  the 
tracks  at  an}'  time  it  may  be  desirable,  and  still  a  shallow  floor  system 
is  secured.  As  an  example,  on  vSwan  and  Seymour  streets  the  troughs 
are  14  inches  deep,  ballast  above  troughs  2^  inches,  ties  6  inches  and 
rails  5^  inches,  a  total  of  2' -^y^" .  The  top  and  bottom  plates  are 
13^"  X  yn'\  vertical  plates  13"  x  and  angles  3"  x  3"  x  This 
is  for  a  span  of  about  22  feet.  The  binder  is  laid  to  a  grade,  pitching 
toward  the  curb  girders,  where  there  are  openings  through  which  the 
water  passes  to  the  gutter  below. 

The  types  of  superstructures  used  on  viaducts  have  been  as  follows  : 

A  pin  connected  truss  span  ;  deck  lattice  girders  ;  through  plate 
girders  ;  deck  plate  girders,  and  through  double  intersection  lattice 
truss  spans.  The  last  two  types  being  used  more  than  the  others. 
(See  Fig.  7). 

Girders  are  used  for  spans  varying  from  40'  to  80  or  85',  and  for 
greater  spans  trusses  are  used  ;  the  pin  connected  truss  bridge  was 
built  for  a  194  foot  span  on  Seneca  Street. 

Where  the  clearance  beneath  will  allow  of  it,  deck  girders  are  used 
in  preference  to  through  girders,  for  the  reason  that  the  sidewalk  is 
not  separated  from  the  roadway,  but  the  two  occupy  the  .same  relative 
position  as  on  the  masonry  approaches,  thus  presenting  a  much  better 
appearance  and  requiring  less  attention  for  maintenance  than  on  through 
girder  construction. 

The  floor  system  in  some  instances  where  the  clearance  below  was 
not  an  important  factor,  has  been  made  up  of  brick  arches  built  be- 
tween 9  inch  or  10  inch  I  beams,  which  were  spaced  about  4  feet  cen- 
ters.   The  floor  beams  in  such  cases  were  spaced  about  8  or  9  feet. 
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Fig.  8.— cost  OF  STRUCTURES  UNDER  CONTRACT  PI^AN.— BUFFALO 
GRADE  CROSSING  IMPROVEMENT. 
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ton Streets. 
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St.,  also  Bailey  Av.,  a  distance 
of  380  ft. 


Cost  estimated. 


64,642  change 
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SUMMARY  OF  COST— NOT  INCLUDING  Consequential  Damages. 


City. 

Railroads. 

Structures  completed  and  under  contract  . 

5  293,878 

$1,147,747 

172,102 

344,037 

Structures  yet  to  be  built  

571.658 

2,048,196 

$1,037,638 

$3,539,980 

t  structures  completed.  J  Structure  under  contract. 

Note  :  The  above  amounts  do  not  include  the  cost  of  raising  or 
lowering  the  railroads,  except  along  the  line  of  the  D.  L.  &  W.  R.R. 


On  Michigan  Street  a  trough  floor  was  used,  the  troughs  running 
parallel  to  the  floor  beams,  and  resting  on  small  I  beams  attached  to 
the  floor  beams  ;— the  tops  of  troughs  on  the  same  elevation  as  the  tops 
of  floor  beams, — and  b}'  this  method,  with  the  trusses  42  feet  centers, 
a  floor  depth  of  2-5"  was  attained,  (floor  beam  I'-io^",  binder  4-^2", 
asphalt  2"). 

Of  course  a  concentrated  load  was  not  distributed  beyond  the  adjoin- 
ing floor  beams  b}^  this  method,  and  to  overcome  this,  the  troughs 
were  run  longitudinally  to  the  street,  in  designing  the  structures  for 
Chicago  Street  and  Seneca- Smith  Streets,  which  added  the  depth  of 
trough  (4")  to  the  depth  of  floor. 

Stone  block  pavement  is  used  on  approach  spans,  where  the  grade  is 
4%d=,  and  asphalt  on  all  spans  where  the  grade  is  light. 

The  floor  on  the  Seneca-Hamburg  structure  is  inverted  buckle  plate 
on  floor  beams,  which  are  spaced  from  3'  to  4'  apart  ;  the  sidewalks 
are  also  of  buckle  plate  covered  with  concrete  and  a  cement  wearing 
surface.  ^See  Engineering  Record  for  May  13,  1899).  No  wood  is 
used  in  the  construction  of  this  structure  proper,  although  it  is  used 
for  the  tread  to  steps  and  in  the  roofs  of  the  several  stairways  leading 
to  it,  at  Jefferson  St. ,  Exchange  St. ,  etc.  Wooden  ceilings  are  attached 
to  the  under  side  of  floor-beams  as  noted  below.  The  result  of  the 
blast  from  the  locomotives,  acting  on  the  iron  of  the  superstructure 
immediately  above,  has  been  found  so  dissastrous,  that  light  wooden 
ceilings  are  now  provided  on  all  spans  over  railroad  tracks.  Various 
paints  have  been  used,  but  without  other  protection,  the  results  have 
in  all  cases  been  unsatisfactory. 

On  all  work  now  complete  the  sidewalks  are  of  3  inch  yellow  pine 
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laid  on  timber  stringers.  Figure  8  gives  the  cost  of  structures  alread}^ 
built,  and  the  estimated  cost  of  those  still  to  be  built.  The  cost  of  con- 
struction, on  completed  work,  has  been  onl}'  about  74%  of  the  original 
estimate,  and  is  due  principall}'  to  the  low  prices  which  have  prevailed. 
A  similar  difference,  though  perhaps,  not  so  marked,  may  be  looked 
for,  on  work  still  to  be  built. 

The  damages  awarded  property  injured  by  the  building  of  any  vStruct- 
ure,  are  fixed  b}'  a  Commission  of  three  (3),  appointed  by  the  court  ; 
one  or  more  Commissions  being  appointed  for  each  structure.  These 
awards  are  confirmed  by  the  court. 

No  time  can  be  fixed  for  the  completion  of  the  w^ork  outlined  by  the 
General  Plan,  for  the  reason  that  delays,  legal  and  otherwise,  are  con- 
stantly arising,  and  are  a  more  potent  factor  than  the  work  of  construc- 
tion. However,  with  the  railroads  and  the  Commissioners  now  work- 
ing toward  the  same  end,  the  way  seems  clear. 

REFERENCES : 

Article  by  Mr.  Edward  B.  Guthrie,  in  the  Railroad  Gazette  of  May 
6th,  1892. 

Corthell  and  Locke  report,  Sept.  6,  1892. 

Article  by  Mr.  George  E.  Mann,  read  before  the  Buffalo  Society  of 
Natural  Sciences,  March  9,  1895. 
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CONSTITUTION 

OF  THE 

ASSOCIATION  OF  CIVIL  ENGINEERS 

OF  CORNELL  UNIVERSITY. 


PREAMBLE. 

We,  the  undersigned,  members  of  the  Senior  and  Junior  classes  in  the  College 
of  Civil  Engineering  of  Cornell  University,  do  hereby  form  ourselves  into  an 
Association  for  the  discussion  of  engineering  topics,  and  the  promotion  of  general 
information  on  engineering  subjects,  and  do  hereby  agree  to  abide  by,  and  sustain 
the  following  Constitution  and  By-Laws  : 

ARTICLE  L 

NAMK. 

I.  This  Association  shall  be  known  as  the  Association  of  Civil  Engineers  of 
Cornell  University. 

ARTICLE  II. 

MEMBKRSHIP. 

1.  The  Association  shall  consist  of  Active  and  Honorary  mem]>ers, 

2.  All  Alumni  of  this  college  and  all  students  recognized  as  upperclassmen,  and 
registered  in  the  College  of  Civil  Engineering,  are  eligible  to  membership  in  this 
Association. 

3.  Any  eligible  person  may  become  an  honorary  member  by  a  two-thirds  vote  of 
the  members  present  at  any  regular  meeting.  »Such  members  shall  have  privileges 
of  active  members  except  those  of  voting  and  holding  office,  and  shall  be  exempt 
from  all  dues. 

4.  The  membership  fees  for  this  Association  for  all  active  graduate  members 
shall  be  $1.00  per  annum.  All  money  received  from  such  membership  fees  shall 
be  devoted  to  defraying  cost  of  publication  of  non-resident  lectures  delivered 
before  the  Association.  All  other  expenses  of  this  Association  shall  be  met  by 
direct  tax  upon  the  undergraduate  members. 

5.  A  copy  of  each  lecture  delivered  before  this  Association  shall  be  forwarded  to 
each  member  of  the  Association. 

ARTICLE  III. 

OFFICERS. 

I.  The  officers  of  the  Association  shall  consist  of  a  President,  Vice-President, 
Recording  Secretary,  Corresponding  Secretary,  and  Treasurer. 
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2.  - TJie,  j?i;e!j.uTeiit  shall  preside  at  all  iiieetin^^s  of  the  Association  and  enforce  the 
Constitution  and  By-I/iws,  and  shall  call  special  meetings  at  the  recpiest  of  five 
active  nienihers. 

3.  The  Vice-President  shall  take  the  chair  at  the  request  of  the  President,  and 
shall  act  as  President  in  his  absence.  The  Vice-President  shall  be  chairman  of  the 
appointment  committee. 

4.  The  Recordini^  Secretary  shall  keep  minutes  of  the  proceedings  of  all  meet- 
ings of  the  Association  and  shall  jjost  notices  for  the  same. 

5.  The  Corresponding  »Secretary  shall  attend  to  all  the  necessary  corres])ondence 
of  the  Association.    He  shall  be  elected  from  the  I'acnlty  of  the  college. 

6.  The  Treasurer  shall  receive  all  money  and  dues,  and  shall  pay  all  bills  of  the 
Association,  such  bills  to  meet  the  approval  of  the  Executive  Committee  before 
such  payments.  He  shall  make  a  report  when  called  upon  by  the  Association  and 
also  when  his  term  of  office  expires.  He  shall  be  chairman  of  the  Executive 
Committee. 

7.  The  officers  shall  be  chosen  ])y  ballot  at  the  last  regular  meeting  of  the  spring 
term,  from  the  Junior  Class,  and  shall  hohl  oflice  until  their  successors  are  elected. 

8.  All  vacancies  shall  be  filled  by  a  special  election — only  members  of  the  Senior 
Class  being  eligible  to  hold  office. 

ARTICLE  IV. 

COMMITTKK.S. 

1.  There  shall  be  three  Standing  Committees,  an  Executive  Committee,  a  Com- 
mittee on  Appointments,  each  consisting  of  three  members,  and  a  Publication 
Committee,  consisting  of  five  members.  These  committees  shall  be  appointed  by 
the  President  at  the  beginning  of  the  year. 

2.  The  Executive  Committee  shall  see  that  the  rooms  of  the  Association  are 
ready  for  occupancy  ])revious  to  all  meetings,  and  shall  transact  such  business  as 
may  be  referred  to  it  by  the  Association. 

3.  The  Committee  on  Appointments  shall  make  appointments  for  all  literary 
exercises  for  each  meeting,  and  such  appointments  shall  be  posted  at  least  two 
days  before  the  meeting.  The  committee  shall  furnish  the  Secretary  with  a  list  of 
such  appointments. 

4.  The  Publication  Committee  shnll  have  charge  of  the  compiling,  publication, 
and  sale  of  the  Transactions. 

ARTICLE  V. 

AMENDMENTS. 

The  Constitution  or  By-Laws  may  be  amended  by  a  two-thirds  vote  of  all  mem 
bers  present  at  any  regular  meeting  ;  such  amendment  to  be  before  the  Association 
at  least  one  week. 

AMENDMENT  I. 

The  initiation  fee  for  membership  to  this  Society  shall  be  one  dollar,  and  this  fee 
shall  cover  all  dues  for  the  first  year  of  membership.  For  each  succeeding  year, 
an  annual  due  of  one  dollar  shall  be  charged.  The  annual  membership  fee  shall 
entitle  the  member  to  a  copy  of  the  Transactions  published  during  each  year  of 
membership. 
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BY-LAWS. 


ARTICLE  I. 

RKGUI^AR  MEETINGS. 

Regular  meetings  shall  be  held  once  in  two  weeks,  in  the  Association  rooms, 
commencing  on  the  first  Friday  after  registration  week,  and  ending  on  the  last 
Friday  but  one  before  examination  week  of  each  term. 

ARTICLE  II. 

QUORUM. 

One-third  of  the  active  undergraduate  members  of  the  Association  shall  consti- 
tute a  quorum.    No  business  can  be  transacted  without  a  quorum  being  present. 

ARTICLE  III. 

ORDER  OF  PROCEEDINGS  AT  A  REGUI.AR  MEETING. 

1.  Roll  call. 

2.  Minutes  of  Preceding  Meeting. 

3.  Literary  Exercises. 

4.  Unfinished  Business. 

a.  Rei)ort  of  Standing  Committees. 

b.  Report  of  vSpecial  Committees. 

c.  Report  of  Officers. 

d.  Miscellaneous  Business. 

5.  New  Business. 

6.  Adjournment. 

ARTICLE  IV. 

EXERCISES. 

The  exercises  shall  consist  of  discussions,  memoirs,  essays,  ])apers,  lectures,  and 
such  other  exercises  as  the  Association  shall  from  time  to  lime  direct. 

ARTICLE  V. 

SUSPENSION  OF  BY-L,AWS. 

A  By-Law  may  be  suspended  for  one  meeting  by  a  vote  of  two  thirds  of  the 
members  present. 

H.  R.  LORDLY, 

E.  J.  FORT, 

H.  D.  ALEXANDER, 

Committee. 


OFFICERS  FOR  1899-1900. 


President, 
LEON  I).  CONK  I.I  NO. 

y ice- President, 
A.  H.  VON  BAYER. 

Treasurer, 
C.   W.  COIT. 

Corresponding;  Secretary, 
PROESvSOR  CHARM'S  L.  CRANDALL. 

Recording  Secretary, 
GEORGE  W.  PENFIELD. 

Appointment  Committee, 
A.  H.  VON  BAYER,  Chairman,  M.  E.  SHIRE, 

H.  O.  EGEBERG. 

Executive  Committee, 
C.  W.  COIT,  Chairman,  VV.  E.  CONKLIN, 

'W.  J.  CUNNINGHAM. 

Publication  Committee, 
W.  O.  WHITE,  Chairman,  J.  A.  VOGLESON, 

J.  H.  MINER,  R.  A.  PENDERGRASS, 

G.  R.  J.  PISTOR. 


PRESIDENT'S  ADDRESS. 


To  the  Members  of  the  Association  of 

Civil  Engineers  of  Cornell  University^ 
Gentlemen  : 

One  of  the  most  successful  and  pleasant  years  in  the  his- 
tory of  our  Association  ends  to-day.  This  is  the  last  time  that  I  shall 
have  the  honor  and  pleasure  of  speaking  to  you  as  your  President  ; 
an  honor  I  have  tried  to  deserve  in  both  action  and  spirit. 

I  wish  to  thank  my  brother  officers  and  the  members  of  the  Associa- 
tion for  their  kind  and  considerate  treatment  during  my  term  of  office. 

The  past  year  has  seen  a  solid  growth  in  interest  and  attendance  at 
our  bi-weekly  meetings.  We  have  been  ver}^  fortunate  in  the  number 
and  excellence  of  the  non-resident  lecturers.  The  different  members 
of  the  Faculty  have  with  their  usual  kindness  responded  to  our  requests 
for  lectures.  On  behalf  of  the  Association  I  wish  to  express  to  the 
members  of  the  Faculty,  and  others  who  have  lectured  before  this  As- 
sociation, our  sincere  and  hearty  thanks. 

The  Transaction  Board  has  worked  long  and  faithfully  upon  a  volume 
that  does  credit  to  itself,  to  the  Association,  and  to  the  Civil  Engi- 
neers of  the  Class  of  1900. 

We  now  turn  over  to  the  Class  of  1901  the  active  management  of 
the  Association,  and  I  earnestly  advise  the  present  Junior  class  to  make 
a  sincere  effort  to  associate  with,  and  to  become  well  acquainted  with 
the  men  into  whose  hands  they  in  turn  will  entrust  the  Association. 
Make  an  early  and  .systematic  canvas  of  the  Class  of  1902,  presenting 
to  each  man  the  idea  and  the  object  of  the  Association,  and  a  cordial 
invitation  to  become  an  active  member. 

I  would  urge  upon  the  Appointment  Committee  the  absolute  neces- 
sity of  making  a  complete  programme  early  in  the  year  to  in.sure  the 
regularity  of  the  meetings.  If  the  members  will  prepare  papers  and 
have  discussions  upon  them,  I  am  sure  they  will  derive  much  benefit. 

The  members  of  the  Graduating  Class  of  1900,  now  bidding  you 
farewell,  take  with  them  many  pleasant  memories  of  the  hours  spent 
as  members  of  this  A.ssociation.  They  will  always  be  interested  in  the 
welfare  of  this  Association  and  its  members. 

Gentlemen,  I  take  much  pleasure  in  presenting  the  chair  to  Mr. 
Wilgus,  your  President  for  1901. 

Leon  D.  Conkling. 
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NON-RESIDENT  LECTURERS, 

1899-1900. 


F.  H.  Newell,  C.E.,  Hydrographer  U.  S.  Geological  Survey. 

Hydrographic  Investigations  of  the  U.  S.  Geological  Survey. 

Major  Thomas  W.  Symonds,  Corps  of  Engineers,  U.  S.  Army. 
Canals  from  Lakes  to  Sea. 

Forrest  M.  Tovvl,  C.E.,  '86,  M.Am.Soc.C.E.,  M.A.S.M.E..  Engr.  Nat.  Transit  Co. 
Oil  Wells. 


George  W.  Tillson,  C.E.,  Principal  Assistant  Eng.  Dept.  Highways. 
Asphalt  and  Asphalt  Pavements. 

*S.  Whinery,  C.E.,  M.Am.Soc.C.E.,  Vice-Pres.  and  General  Mgr.  Warren  Sharp 
Asphalt  Paving  Co. 
Economics  of  Street  Paving. 


*  Published  in  this  volume. 
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FUERTES  GOLD  MEDALISTS. 


UNDERGRADUATES. 


Albert  Li^oyd  Colsten,  1895 

WiLUAM  Mackintosh,  1896 

Gilbert  Powers  Ritter,  1897 

Harley  Stuart  Gibb,  1898 

graduates. 

John  Fillmore  Hayford,  1895 

Elon  Huntington  Hooker,  1896 

Erasmus  Darwin  Preston,  1897 

John  Cassam  Wait,  1898 

Frederic  Eugene  Turneaure,  1899 


The  Fuertes  gold  medals  are  of  a  value  of  fifty  dollars  each,  and  are  awarded 
under  the  following  conditions  : 

The  undergraduate  medal  "  will  be  awarded  annually  to  that  student  of  the  Col- 
lege of  Civil  Engineering  who  on  graduating  may  be  found  by  the  faculty  of  the 
college  to  have  maintained  the  highest  degree  of  scholarship  in  the  subjects  of  his 
course  ;  provided  he  has  been  in  attendance  at  this  University  for  at  least  two 
years." 

The  graduate  medal  "  will  be  awarded  annually  to  that  graduate  of  the  College 
of  Civil  Engineering  who  may  write'a  meritorious  paper  upon  some  engineering 
subject  tending  to  advance  the  scientific  or  practical  interest  of  the  profession  of 
the  Civil  Engineer. ' ' 

The  papers  shall  be  presented  on  or  before  April  15.  If  a  paper  is  submitted  in 
printed  form,  it  will  be  received  only  provided  it  has  not  been  published  earlier 
than  the  last  preceding  April  15, 


OFFICERS  FOR  1900-1901. 


President, 
H.  S.  WILGUS. 

Vice-Presiden  t, 
C.  L.  WILCOX. 

Treasurer, 
B.  H.  BISBEE. 

Corresponding  Secretary, 
PROFESSOR  CHARLES  L.  CRANDALL. 

Recording  Secretary, 
W.  E.  WILSON. 

Appointment  Committee, 
C.  L.  WILCOX,  Chairman,  R.  B.  WILLIAMS,  Jr., 

M.  G.  HILPERT. 

Executive  Committee, 
R.  F.  PROCTOR,  Chairman,  G.  O.  BEUCK, 

C.  L.  HARTWELL. 

Publication  Committee, 
G.  E.  J.  PISTOR,  Chairman,  O.  M.  SEVERSON, 

ARTHUR  ADAMS,  E.  B.  WHITMAN, 

ROBERT  FOLLANSBEE. 
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STUDENT  MEMBERS  OF  THE 

ASSOCIATION   OF   OIVIL  ENGINEERS, 

CORNELL  UNIVERSITY. 


GRADUATE. 


G.  G.  Smith. 
1900. 


H.  H.  Bassett, 
A.  H.  von  Bayer, 
W.  R.  Bright. 
C.  T.  Chapman, 
C.  W.  Coit, 
W.  E.  Conklin, 
L.  D.  Conkling, 
W.  J.  Cunningham, 
J.  C.  Davis, 
H.  O.  Egeberg, 


F.  J.  Engel, 

G.  I.  Finley, 
E.  W.  Gehring, 
L.  C.  Giltner, 
D.  A.  Ketchum, 
C.  W.  Landis, 
J.  H.  Miner, 

R.  A.  Pendergrass, 
G.  W.  Penfield, 
S.  Reyna, 


B.  W.  Rosekrans, 
M.  E.  Shire, 

W.  C.  Spiker, 

C.  M.  Stegner, 
E.  J.  Strasburger, 
H.  W.  Swanitz, 
T.  W.  Taylor, 

J.  C  Trautwine,  3d, 
J.  A.  Vogleson, 
W.  O.  White, 


1901. 


A.  F.  Armstrong, 
G.  O.  Beuck. 

B.  H.  Bisbee, 

C.  B.  Brown, 
E.  T.  Gray, 

C.  L.  Hartwell, 
J.  W.  Heller, 
M.  G.  Hilpert, 
G.  E.  J.  Pistor, 


C.  Potts, 

R.  F.  Proctor, 

S.  Purcell, 

O.  M.  Severson, 

J.  A.  Skinner, 

M.  de  K.  Smith, 

L.  C.  Stubbins, 

N.  O.  Tiffany,  Jr. 

S.  M.  Turrill, 


H.  W.  Underwood, 
E.  B.  Whitman, 
C  L.  Wilcox, 
H.  S.  Wilgus, 
H.  S.  Williams, 
R.  B.  Williams,  Jr., 
W.  E.  Wilson, 
C.  H.  Zolzer, 


MEMBERS  OF  THE 

« 

ASSOCIATION  OF  CIVIL  ENGINEERS, 

CORNELL  UNIVERSITY. 


All  Graduates  of  the  College  of  Civil  Engineering  up  to 
AND  Including  1900. 


The  address  011  the  line  with  the  name  is  the  home  or  permanent  one  ;  that  on 
the  line  below  is  the  business  or  usually  more  temporary  one.  When  only  one  i& 
given  its  position  is  an  index  of  its  permanency,  except  when  forced  from  one 
position  to  the  other  l)y  lack  of  room.  All  the  addresses  have  been  verified  since 
March  i,  1900.  except  those  in  italics,  which  are  unreliable.  All  changes  in 
address  should  be  reported  promptly  to  the  Corresponding  Secretary.  The  names 
of  the  deceased  members  are  given  at  the  end  of  the  regular  list. 

Adair,  Arthur  P.  .  .  .  B.C.E.,  C^.,  '99  Moscow,  Idaho. 

Asst.  Engr.,  B.  &  O.  S.  W.  R.R.,  Osgood,  Ind. 
Agate,  Elroy  T  C.E.,  '97  .  .   Pittsford,  N.  Y. 

Construction  Dept.,  Canadian  Pacific  Ry.,  Grand  Forks,  B.  C. 
Alexander,  Fred  B  C^.,  '74  210  Macon  St.,  Brooklyn,  N.  Y, 

Supt.  United  States  Rattan  Co.,  22  Morton  St. 
Alexander,  Henry  D.     ...  C.E.,  '93  .  .  .  .  20  Matthews  St.,  Rochester,  N.  Y. 

Draftsman,  C.  &  N.  W.  Ry.,  Boone,  la. 
Allen,  Charles  F  C^.,  '73  .  .  .  .  2610  Lafayette  St.,  Denver,  Colo. 

Chief  Accountant,  Arapahoe  Co. 
Anderson,  Robert  H  C.E.,  '98  .  Care  Wm.  Seward  &  Co.,  Auburn,  N.  Y. 

Darien  Surveys,  Nicaraugua,  C.  A. 
Ashby,  Charles  W  '93  11  Hudson  Ave.,  Troy,  N.  Y. 

Supt.  Tests,  Schenectady  Loco.  Wks.,  Schenectady,  N.  Y. 
Atwood,  William  G  C^.,  '92  Fredonia,  N.  Y. 

U.  S.  Dep.  Surveyor,  Rampart  City,  Alaska. 
Avery,  Fred  H  C.E.,  '97  ...  .  424  E.  Superior  St.,  Chicago,  111. 

Draftsman,  Wm.  Wharton,  Jr.,  &  Co.,  Philadelphia,  Pa. 
Aylen,  John  C.E.,  '77;  M.  Can.  Soc.  C.  E.  ;  Aylmer,  Canada. 

Ch.  Engr.,  Met.  Electrical  Co.  of  Ottawa  (Ltd.),  Britannia  Bay,  Ontario. 
Ayres,  C.  Morton  C.E.,  '94  Tuscaloosa,  Ala. 

Inspr.  Ch.  Const.  Lock  No.  4,  Black  Warrior  River,  U.  S.  Engr's.  Office. 
Bacon,  Geo.  Morgan  .  .      ,  .  C.E.,  '93  378  Wabash  Ave.,  Chicago,  111. 

Resdt.  Engr.,  C.  S.  &  C.  C.  D.  Ry.,  Box  K,  Colorado  Springs,  Colo. 
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Bailey,  Earl  B  C^E".,  '94  E.  Aurora,  N.  Y. 

Trav.  Salesman,  care  John  R.  Keim,  Buffalo,  N.  Y. 

Bailey,  John  D  C.E.,  '00  Dansville,  N.  Y. 

Baker,  Chas.  H  C.E.,'86  Seattle,  Wash. 

President  Snoqualmie  Falls  Power  Co. 
Baker,  Howard  W  C.B.,  S6  .  .  .  .  230-236  Adams  St.,  Chicago,  III. 

Asst.  Manager,  Butler  Bros.,  Wholesale  Gen.  Mdse. 
Balcom,  H.  Gage  C.E.,  '97  Bergen,  Genesee  Co.,  N.  Y. 

Draftsman,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Baldwin,  Ernest  H  C^".,  '92  ;  Assoc.  M.  Am.  Soc.  C.E., 

549  St.  Louis  St.,  Springfield,  Mo. 

Asst.  Engr.,  Met.  Water  Board,  Boylston,  Mass. 
Banks,  John  E. .  .  .      .      .  .  C.E.,  '92  ;  Fel.  Royal  Asiatic  Soc.  ;  Knoxville,  la. 

Principal,  Anglo-Chinese  School,  Singapore  (will  return  in  1900). 
Barbour,  Irwin  W  C.£.,  '94  Woodfords,  Me. 

Asst.  Engr.  Dept.  Public  Wks.,  Portland,  Me. 
Bardol,  Frank  V.  E  C.E.,  '89  ;  M.  Eng.  Soc.  W.  N.  Y.  ;  437  E.  Utica  St. 

Ch.  Engr.,  Board  Public  Works,  13  City  Hall,  Buffalo,  N.  Y. 
Barnes,  Fred  A  C.E.,  'g7,  M.C.E.,  'gS     .  .  .   Stockbridge,  Mass. 

Asst.  Eugr.,  Dept.  Santiago  and  Puerto  Principe,  Santiago  de  Cuba. 
Barros,  Carlos  Paes  de  ....  C.B.,  '76;  18  Rua  Santa  Ephigenica, 

Coffee  Planter.  Sao  Paulo,  Brazil. 

Barton,  Calvin  L  C.E.,  '99  Little  Meadows,  Pa. 

Estg.  Dept.  Rochester  Br.  Wks.,  29  State  St.,  Rochester,  N.  Y. 

Bassett,  Herbert  H.,  C.E.,  '00  .  .  .42  Bassett  St.,  New  Britain,  Conn. 

Battin,  Henry  W.  CE.,  '81  Baraboo,  Wis. 

Asst.  Supt.,  C.  &  N.  W.  Ry. 

von  Bayer,  August  H  C.E.,  '00  .  2016  13th  St.,  N.  W.,  Washington,  D.  C. 

Beahan,  Willard   C.E.,  '78;  M.  Am.  Soc.  C.  E.,  M.  St.  L.  E.  Club. 

Div.  Engr.,  L.  V.  R.  R.,  Easton,  Pa. 
Bean,  Mil  ford  C  C.E.,  '72  McGrawville,  N.  Y. 

Civil  Engineer  and  Surveyor. 
Beardsley,  James  W  C.E.,  'gi  ;  M.  West.  Soc,  C.  E. 

Surveyor,  U.  S.  Engrs.  Office,  Oshkosh,  Wis. 
Becker.  Charton  L  C.E.,  '88  Sterlingville,  N.  Y. 

169  St.  Botolph  St.,  Boston,  Mass. 
Beebe,  Roscoe  C.  .        ....  C.E.,  '92  Ludlowville,  N.  Y. 

Engr.,  with  Union  Bridge  Co.,  Athens,  Pa. 
Belden,  Clifford  H  C.E.,  '99     .      .  .  217  Laurel  St.,  Hartford,  Conn. 

With  E.  S.  Belden,  Contractor. 
Bellinger,  Lyle  F.  .  .  .  C.E.,  '87  ;  M.  N.  &  M.  O.  Span.-Amer.  War;  Ilion,  N.  Y. 

Asst.  Engr.,  Intern.  Hydraulic  Co.  of  N.  Y.  City,  Tallassee,  Ala. 
Benson,  Orville   C.E.,  '88  ;  M.  O.  Soc.  Surv.  and  C.  E.  ;  Canton,  O. 

Engr.  Ch.  Pittsburg  Works  Berlin  Bridge  Co.,  Economy,  Pa. 
Bertolet,  Heyman  E  C.E.,  '99  Oley,  Pa. 

Asst.  Isthmian  Canal  Com.,  Greytown. 
Beye,  John  C  C.E.,  '83  ;  M.  West.  Soc.  Engrs.  ;  Kansas  City,  Mo. 

Div.  Engr.,  Kansas  Div.U.  P.  R.  R.,  cor.  12th  and  Liberty  Sts. 
Bishop,  Hubert  K  C^".,  '93  Hudson.  N.  Y. 

Supt.  Public  Works. 
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Bissell,  Frank  E  C.E.,  '78,  M.C.E,,  '79;  M.  Am.  Soc.  C.  E. 

Ch.  Engr.,  Ark.  Northern  Ry.,  Springfield,  Mo. 
Blake,  Henry  E  C.E.,  '73  .  .  .   .  270  Walnut  St.,  N.  Adams,  Mass. 

Asst.  in  City  Engineering  Department,  City  Hall. 

Boright,  William  P  C.E.,  '92,  M.C.E.,  '94  ;  Assoc.  M.  Am.  Soc.  C.  E. ; 

Chatham,  N.  Y. 

Care  of  I^eigh  Best,  170  W.  141st  St.,  New  York. 
Bowen,  Coryden  H.     .      .  .  C^.,  '93  Brookings,  South  Dakota. 

Roadniaster,  C.  cSt  N.  W.  Ry. 
Bowes,  Thomas  F  C.E.,  '91  Bath,  N.  Y. 

Asst.  Engr.,  Street  Dept.,  30  Tremont  St.,  Boston,  Mass. 
Bowman,  Daniel  W.     .   .      .  C.E.,  '72  Phoenixville,  Pa. 

Asst.  Engr.,  Phoenix  Iron  Co. 
Boynton,  Edmond  P  C-fi".,  '93  181 1  Market  St.,  Denver,  Colo. 

Mgr.  Continental  Biscuit  Co. 
Branihall,  William  E  C.E.,  '77,  LL.B  506  IglehartSt. 

Lawyer,  50S  N.  Y.  Life  Bldg.,  St.  Paul,  Minn. 
Brewer,  Isaac  C  C.E.,  '89;  M.  vSouth.  vSoc.  C.  E.  .  .  Sandusky,  O. 

Supt.,  Jarecki  Chemical  Co. 

Bright,  William   R  C.E.,  '00     .  .  .  4034  W.  Belle  PI.,  St.  Louis,  Mo. 

Brooks,  George  G  C.E.,  '94  .   .   .   Scranton,  Pa. 

Gen'l  Mgr.,  Lafflin  Coal  Co.,  Trader's  Bank  Bldg. 

Brower,  Irving  C  C.E.,  '00  .  .  .  2916  Girard  Ave.,  Philadelphia,  Pa. 

Brown,  Allen  J  CE.,  '96  .  .  ,  33  E.  Catharine  St.,  Oswego,  N.  Y. 

80  Ocean  Ave.,  Jersey  City,  N.  J. 

Brown,  Homer  C  C.E.,  '97  .   .  .      .   .  .  44  W.  131st  St.,  New  York. 

Brown,  William  Ci^".,  '93  Belfast,  N.  Y. 

Engr.,  Warren  City  Boiler  Works,  Warren,  O. 
Brownell,  James  P  C.E.,  '91  Carthagfc,  N.  Y. 

Water  Power  Development,  Nova  Scotia  &  N.  B.,  Weymouth,  N.  S. 
Bruen,  Frank  C.E.,  '78  Forest  Ave.,  Dayton,  O. 

Clerk,  Bristol,  Conn.,  care  of  Sessions  Fdy.  Co. 

Bryson,  Thomas  B  C.E.,  '94;  Assoc,  M.  Am.  C.  E., 

Mechanicsburg,  Pa. 

Engr.  with  Hoffman  Eng.  &  Con.  Co.,  Harrison  Bldg.,  Philadelphia,  Pa. 
Bullis,  Abram  R.  .  .   .  .  B.S.,  C.E.,  '82  ;  M.  Am.  Math.  Soc.  .  .  Macedon,  N.  Y. 

Burns,  Justin  A  C-fi".,  '92  ;  Assoc.  M.  Am.  Soc.  C.  E.  ; 

35  Gotham  St.,  Watertown,  N.  Y. 

Asst.  Engr.,  Rapid  Transit  Commission,  13  Astor  Place,  New  York. 
Button,  Ernest  D.   .   .  .  C.E.,  '99  Chicago,  111. 

Resdt.  Engr.,  Illinois  Cent.  R.R.,  Lyle,  Minn. 

Carlin,  Joseph  P  B.S.,  C.E.,  '97  ;  Jun.  Am.  Soc.  CE.  ; 

113  Clinton  Ave.,  Brooklyn,  N.  Y. 

Engr.,  Const,  of  Naval  Acad.,  Annapolis,  Md. 
Carpenter,  Fred  W  C.E.,  '84;  M.  Brooklyn  Engrs.  Club  ; 

Asst.  Engr.,  Dept.  Highways,  21  Municipal  Bldg.,  Brooklyn,  N.  Y. 

Chapman,  Carlton  T  C.E.,  '00   Palmyra,  N.  Y. 

Church,  Irving  P.  .  .   •  .  .  .  C^.,  '73,  '78  Ithaca,  N.  Y. 

Prof.  Applied  Mechanics  &  Hydraulics,  Cornell  University. 
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Clark,  Charles  H  C.E.,  '92  Canastota,  N.  Y. 

Asst.  Engr.,  Utica  Elect.  Lt.  &  Power  Co.,  Trenton  Falls,  N.  Y. 
Clark,  Dan  B  C.E.,  '93  Clinton,  Mass. 

Asst.  Engr.,  Metropolitan  Water  Works,  Clinton. 
Clark,  Thomas  S  C^.,  '94  .  .  Rm.  130,  195  Broadway,  New  York. 

Asst.  Engr.,  Manhattan  Ry.  Co.,  74th  St.  &  East  River. 
Clay,  Francis  W.  H  C.E.,  '93,  LL.B.,  LL.3I.,  Cincinnati,  O. 

Lawyer,  Specialty  Patents,  Carlisle  Bldg. 
Coe,  Ira  J  C^".,  '94  Dover,  N.  J. 

Civil  Engineer,  210  Water  St.,  New  York. 

Coit,  Charles  W  C.E.,  '00  7  Clark  St.,  Holyoke,  Mass. 

Colburn,  D.  Kent  C.E.,  '72  Houston,  Texas. 

Supt.  Bridges  and  Bldgs.,.S-  P.  R.R.  Co.,  Adantic  System,  Houston. 
Collins,  Charles  W  C.E.,  '89  Greenwich,  N.  Y. 

Civil  Engineer,  1030  Witherspoon  Bldg.,  Phila.,  Pa. 
Colnon,  Reduon  S-  .  .  .      .  .  C.E.,  '87;  M.  Engr's  Club,  St.  Louis. 

Contractor,  no  Laclede  Bldg,,  St.  Louis,  Mo. 
Colsten,  Albert  L  C.E.,  '95  Port  Deposit,  Md. 

Master  in  Applied  Mathematics,  Tome  Institute. 

Comstock,  Charles  W  C.E.,  Met.E.,  M.C.E.,  '94,  Ph.D.,  '98;  Assoc.  M.Am. 

Soc.  C.  E.,  Secy.  Col.  Scientific  Soc;  278  S.  Lincoln  Ave.,  Denver,  Colo. 

Prof.  Mining  Eng.,  Colorado  State  School  of  Mines,  Golden. 

Conable,  Morris  R.  C.E.,  '76,  M.S.  .  .  .  82  E.  5th  St.,  St.  Paul,  Minn. 

Conger,  Alger  A  C.E.,  '97  ;  Jun.  Wes.  Soc.  Engrs.;  Gouveneur,  N.  Y. 

Instrument  man.  Isthmian  Canal  Commission. 

Conklin,  William  E  C.E.,  '00  Fishkill,  N.  Y. 

Conkling,  Leon  D  C.E.,  '00  .  .        613  W.  Water  St.,  Elmira,  N.  Y. 

Asst.  City  Eng.,  Elmira,  N.  Y. 
Cornell,  Oliver  H.  V.  .   .   .  M.C.E.,   Ithaca,  N.  Y. 

President  Standard  Barrel  Co.,  23  Park  Row,  New  York. 
Cory,  Harry  T.,  .  .  B.M.E.,  B.C.E.,  M.C.E.,  '93  ;  Assoc.  M.  Am.  Soc.  C  E., 

Jun.  Am.  Soc.  M.  E-,  Sec.  Asso.  Univ.  of  Mo. 

Prof.  Civil  Engrg.,  Univ.  of  Mo.,  Columbia,  Mo. 
Couch,  Vinton  M  C^.,  '92  Odessa,  N.  Y. 

Asst.  Engr.,  Bur.  Water  Supply,  City  Hall,  Pittsburg,  Pa. 
Cox,  Homer  F  Ci5".,  '97  ;  M.  Scran.  Engrs.  Club  ;  430  Colfax  Ave. 

Civil  Engr.,  Scranton  Gas  &  Water  Co.,  Scranton,  Pa. 
Crandall,  Charles  L  C.E.,  '72,  M.C,E.,  '76;  M.  Am.  Soc.  C.  E. 

Prof  Railway  Engineering.  Cornell  University,  Ithaca,  N.  Y. 

Crane,  Albert  S  C.E.,  91,  ;  Assoc.  M.  Am.  Soc.  C  E., 

M.  Bos.  Soc  C.  E-,  M.  Brook.  E.  Club  ;  Addison,  N.  Y. 

Ch.  Asst.  Engr.,  Mich.  Lake  Superior  Power  Co.,  Sault  Ste.  Marie,  Mich. 
Crouch,  Nelson  S   C^.,  '90  Erie,  Pa. 

Miller  and  Grain  Dealer,  240  E.  8th  St. 
Cummings,  Elmore  D  Ci5"., '89   Indiana,  Pa. 

Draftsman,  U.  S.  Engrs.  Office,  vSt.  Paul,  Minn. 
Cummings,  Noah  C.E.,  '94;  Jun.  Am.  Soc.  C.  E.  .  Chaseville,  N.  Y. 

Asst.  Engr.,  Board  Pub.  Impvts.,  3d  Ave.  and  177th  St.,  New  York. 
Cunningham,  William  J.  .  .  .  CE.,' 00  Sag  Harbor,  Long  Island,  N.  Y. 
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Curtis,  Charles  E  C.E.,  '85  217  Cedar  St.,  Corning,  N.  Y. 

With  Cambria  Steel  Co.,  Johnstown,  Pa. 
Curtis,  Charles  W.,  C.E.,  '88,  LL.B  Washington,  D.  C. 

Advertising  Manager,  Sill  Stove  Works,  Rochester,  N.  Y. 
Curtis,  Gram  ...         .  .        CE.,  '72  .  .   .  .60  Wallace  Ave.,  New  Castle,  Pa. 

Engineer,  National  Steel  Co.,  New  Castle  Works. 
Curtis,  Wlnthrop  L  C.E.,  '92  Horseheads,  N.  Y. 

Asst.  Engr.,  Chicago  &  N.  W.  R.R.,  Mason  City,  la. 

Darrow,  Marius  S.   C.E.,  '99;  Jun.  Am.  Soc.  C.  E.  ; 

65  Albany  Ave.,  Kingston,  N.  Y. 

Recorder,  U.  S.  Engrs.  Office,  1637  Indiana  Ave.,  Chicago,  111. 
Darrow,  Wilton  J  C.E.,  '99   Ivakewood,  N.  Y. 

Draftsman,  Shiffler  Br.  Co.,  410  S.  Broad  St.,  Philadelphia,  Pa. 
Davenport,  Ward  P.  CiS".,  '93  Plymouth,  Pa. 

Supt.  Plymouth  Water  Co.  and  Plymouth  Light,  Heat  and  Power  Co. 

Davis,  Carl  E  C.E.,  '91  ;  M.  West.  Soc.  Engrs.; 

1000  Main  St.,  Council  Bluffs,  la. 

Asst.  Engr.,  San.  Dist.,  Chicago,  Office  41  at  5502  Halsted  St.,  Chicago,  111. 
Davis,  Charles  S  C.i?.,  '89     .      .  .   .  Toledo,  O. 

Chief  Engr.,  Massillon  Bridge  Co.,  520  Gardiner  Bldg. 

Davis,  John   C  C.E.,  00  ...  7  Pleasant  Ave.,  Binghaniton,  N.  Y. 

Davis,  Lynn  L  C.E.,  '96  .   .   .    Clear  Creek,  N.  Y. 

U.  S.  Chief  Inspr.,  1100  D.  S.  Morgan  Bldg.,  Buffalo,  N.  Y. 
De  Lano,  Harry  C  C.E.,  '95  ;  M.  Franklin  Institute  ;  Canastota,  N.  Y. 

Asst.  Engr.,  Isthmian  C.  Com.,  Greytown,  Nicaraugua. 
Dennis,  Harry  W  CE.,  '99     ....  39  Mayfield  Rd,,  Cleveland,  O. 

Dr'n,  N.  Falls,  Hyd.  Power  Co.,  557  3rd  St.,  Niagara  Falls,  N.  Y. 
Devin,  George  ...         .   .     C.E.,  '73  ;  M.  Am.  Soc.  C.  E.; 

Bridge  Engr.,  Beaver  Falls,  Pa. 
Dickinson,  J.  Haines        ...  C.E.,  '90  Prudential  Bldg.,  Atlanta,  Ga. 

South.  Engr.  and  Mgr.,  Atlanta,  Of.  Lidgerwood  Mfg.  Co. 
Dillenbeck,  Clark  C.E.,  '88;  M.  Engr.  Club,  Phila.  ;  Chestnut  Hill. 

Asst.  Engr.,  P.  &  R.  Ry.,  ch.  Bldg.  Work,  Room  516,  Reading  Ter'l,  Phila. 
Dimon,  Daniel  Y  C.^.,  '96  Lock  Box  68,  Groton,  N.  Y. 

Asst.  Engr.  and  Computer,  Groton  Br.  and  Mfg.  Co. 
Dimon  Henry  G  C.E.,  '87  Groton,  N.  Y. 

Bridge  Engineer. 

Dingle,  James  H.    .  .  .  B  A.,  C.E.,  'c)2  \  Assoc.  M.  Am.  Soc.  C.  E.  ; 

Charleston,  S.  C. 

City  Surveyor. 

Dixon,  De  Forest  H  C.iS".,  '96  ,  .  580  Milwaukee  St.,  Milwaukee,  Wis. 

Concrete  Steel  Constr.,  27  William  St.,  New  York. 
Dodge,  J.  Lynn   C^.,  '94  West  Winfield,  N.  Y. 

Engr.,  Port  Huron  St.  C.  &  Marine  City  Ry.  Co.,  St.  Clair,  Mich. 
Dodgson,  Frank  L  C.E.,  '89. 

Eng.,  Standard  R.  R.  Signal  Co.,  Troy,  N.  Y. 

Dole,  Walter  S  C.E.,  '92;  M.  West.  Soc.  C.  E.,  M.  Am.  Gas 

Light  Assoc.,  People's  Gas  Co.  ;  Honolulu,  H.  I. 
Doores,  William  R  C^.,  '93  Fort  Wadsworth,  N.  Y. 

Second  Lieut.,  Fifth  Artillery. 
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Dowling,  Joseph  L  C.E.,  '89  Lima,  Ohio. 

Engineer  Buckeye  Pipe  Line  Co. 
Downey,  Archibald  S  C.E.,  '96  .  •  •  .  .  550  Jackson  Boul.,  Chicago,  111. 

Civil  Engineer,  Seattle,  Wash. 

Duckham,  Albert  E  C.E.,  '90;  M.  E.  See.  W.  Pa.  ; 

232  Rebecca  St.,  Pittsburg,  Pa. 

Asst.  Engr.  Const.,  Laughlin  &  Co.,  Ltd.,  1206  Carnegie  Bldg. 
Duffies,  Edward  J  C.E.,  '88;  Mem.  N.  A.  S.  C  E.  .  .  Duluth,  Minn. 

Civil  Engineer. 

Dunham,  Walter  H  CiS".,  '94  Nichols,  N.  Y. 

With  the  Union  Bridge  Co.,  Athens,  Pa. 
Dunlap,  Arthur  H.  .  .  B.S.  of  C.E.,  C.E.,'^^  Miami,  Mo. 

Rodman,  C.  &  N.  W.  Ry.,  Boone,  Iowa. 
Dunn,  Frank  S  C.E.,  '92  Albany,  N.  Y. 

Supt.  Municipal  Gas  Co.,  1131  Broadway. 
Duryea,  Edwin,  Jr  C.E.,  '83  ;  M.  Am.  Soc.  C.  E.,  M.  Wes.  Soc.  Engrs. 

M.  Brooklyn  E.  Club  ;  160  Cumberland  St.,  Brooklyn,  N.  Y. 
Dyson,  James  C.E.,  '78         12th  and  Reese  Sts.,  Silverton,  Colo. 

Civil  and  Mining  Engineer,  U.  S.  Deputy  Mineral  Surveyor. 
Earl,  Mark  A  B.S.,  M.C.E.,  '94   Centralia,  111. 

Civil  Engineer,  1208  Fisher  Bldg.,  Chicago,  111. 
Eddy,  Henry  T.  .  .  .  A.B.,  M.C-E.,  '70,  Ph.D.  ;  M.  Am.  Phil.  Soc,  M.  A.  A.  A.  S. 

Prof,  of  Engrg.  and  Mech.,  Univ.  of  Minnesota,  Minneapolis,  Minn. 
Edwards,  James  H  C.E.,  '88  ;  M.  Am.  Soc.  C.  E. 

Chief  Engr.  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Egeberg,  Hans  O   C.E.^  '00        .  .  Askim  Sta.,  Smalenene,  Norway. 

Ehle,  Boyd  C.E.,  '86;  Assoc.  M.  Am.  Soc.  C.  E.  ; 

Fort  Plain,  N.  Y. 

Prin.  Asst.  Engr.,  Darien  Surveys,  Cartagena,  U.  S.  Columbia. 
Eidlitz,  Otto  M  C.E.,  '81. 

Builder,  489  5th  Ave.,  New  York. 
Emmons,  Charles  M,  C^.,.  '88   Erie,  Pa. 

U.  S.  Asst.  Engr.,  Ch.  Harbor  Improvements  at  Erie. 

Engel,  Francis  J.  C.E.,  '00  Mayville,  Tenn. 

Enos,  George  W.  C.E.,  '96;  Jun.  Am.  Soc.  C.  E.  ;  .  Chaumont,  N.  Y. 

Design  &  Supply,  Contractor's  Plant,  27  William  St.,  New  York. 
Erisman,  Henry  L  ,  '92   Wilhelm,  N.  Y. 

Resdt.  Engr.,  vSt.  L.,  O  &  S.  Ry.  Co.,  Oakman,  Indian  Ter. 
Etnyre,  Samuel  L   C.E.,  '88. 

City  Engineer,  Council  Bluffs,  Iowa. 
Ewing,  William  B  C.E.,  '83  ;  M.  Am.  Soc.  C.  E.,  M.  W.  Soc.  E. 

Civil  and  Sanitary  Engineer  ;  City  Engineer,  La  Grange,  111. 
Falkenau,  Louis  C-fi".,  '73,  TI/.C^. ,  '77  Chicago,  111. 

Contractor,  11 16  Stock  Exchange  Bldg. 
Farmer,  William  F  C.E.,  '76     .  220  Palisade  Ave.,  Jersey  City,  N.  J. 

Manager  Cooperage  Factory. 
Farnham,  Irving  T  C^.,  '92  ;  M.  Boston  Soc.  C.E. ;  .  .  19  Warwick  Rd. 

City  Engr.,  Newton,  City  Hall,  West  Newton,  Mass. 
Farrington,  William  S  C.E.,  '88   Syracuse,  N.  Y. 

Mem.  Firm,  Allen  Farrington  &  Co.,  Civil  Engrs.,  513  Dillaye  Memorial  Bldg. 
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Ferguson,  Oscar  W  C.E.,  '75  ;  M.  St.  Louis  E.  CI.;  .  .  404 9th St.,  N.E. 

Asst.  U.  S.  C.  &  G.  S.,  Washington,  D.  C. 

Ferris,  George  F  C.E.,  81   .  .  Claremont,  Cal. 

Orange  Grower. 

Filkins,  Claude  W.  L  C.E.,  '93,  M.C.E.,  '94  .  212  S.  4th  St.,  Olean,  N.  Y. 

Instructor  in  Civil  Engineering,  Cornell  University. 

Finley,  George  I.  .  .  .  C.E.,  '00  813  S.  48tli  vSt.,  Philadelphia,  Pa. 

Firth,  Elmer  W  C.E.,  '95,  A.M.,  Ph.D.  ;  Jun.  Am.  Soc.  C.  E.  ; 

473  14th  St.,  Brooklyn,  N.  Y. 

Sewer  Dept.,  Municipal  Bldg. 
Fish,  John  C.  L  C.E.,  '92  ;  Assoc.  M.  Am.  Soc.  C.  E.  .  .  .  Box  236. 

Assoc.  Professor  Civil  Engineering,  Leland  Stanford  Univ.,  Palo  Alto,  Cal. 
Fisher,  Bertrand  H  C£".,  '85. 

Div.  Engr.,  Santa  Fe  R.R.,  Stockton,  Cal. 
Fisher,  Nathan  vS  C  E.,  '99  Norwich,  N.  Y, 

Chief  Draftsman,  J.  S.  &  A.  R.R.,  lone,  Cal. 
Fisher,  Wager   CiS"  ,  '99  Bryn  Mawr,  Pa. 

Asst.,  Constr.  Office,  Jersey  City  Water  Supply  Co.,  Boonton,  N.  J. 

Fitch,  vSquire  E  C.E.,  '00  Westfield,  N.  Y. 

Fort,  Edwin  J  C.E.,  '93,  M.C.E.,  '94  ; 

Assoc.  M.  Am.  vSoc.  C.  E.,  M.  Brook  E.  Club. 

Asst.  Engineer,  Dept.  of  Highways,  Municipal  Bldg.,  Brooklyn,  N.  Y. 

Frank,  Alfred  C.E.,  '98  ;  M.  Engr.  Club  Cincinnati  ; 

836  Windham  Ave.,  Avondale,  Cincinnati,  O. 

Asst.  Mining  Engr.,  care  of  Montana  Ore  Purchasing  Co.,  Butte,  Mont, 
Freeman,  Herman  M  C.E.,  'g2>  Orange  Valley,  N.  J. 

53  Freeman  St.,  Orange,  N.  J. 
French,  James  B  C.E.,  '85  ;  M.  Am.  Soc.  C.E.  .  .  Glen  Ridge,  N.  J. 

Bridge  Engr.,  Mountain  State  Constr.  Co.,  32  Nassau  St.,  New  York. 
Frota,  Antonio  E.  da  M.     ..  C.E.,  '77  Ceard,  Brazil. 

Professor  of  English  and  Mathematics.  Traveling  in  Europe. 

Fuertes,  James  H  C.^.,  '83  ;  M.  Am.  Soc.  C.  E.  ; 

Civil  and  Sanitary  Engineer,  100  William  St.,  New  York. 

Fuller,  Weston  E  C.E.,  '00  40  Batavia  St.,  Boston,  Mass. 

Gaffin,  William  W  CE.,  96  Leaf  River,  111. 

Asst.  Engr.,  C.  &  N.  W.  R.R.,  Escanaba,  Mich. 
Garrett,  Robert  P  C.E.,  '97  ;  Jun.  Am.  Soc.  C.  E.  .  Mound  City,  Mo. 

525  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 

Gehring,  Edwin  W  •    C.E. ,'00  1323  Detroit  St.,  Cleveland,  O. 

Geigel,  Antonio  S  C.E.,  '92  .  ,  .  San  Justo  22,  San  Juan,  Porto  Rico. 

Asst.  Engr.,  Board  Public  Works,  Ponce. 
Gelder,  Walter  H  C.E.,  '98  Huntington,  W.  Va. 

Asst.  Engr.,  C.  &  O.  R.R. 
George,  Edward  C.E.,  '75  Nassau,  N.  P.,  Bahamas,  W.  I. 

Merchant ;  Consul  for  Denmark. 
Getman,  Frank  L  C.E.,  '99  Lyons,  N.  Y. 

Special  Agt.  to  State  Bd.  Tax  Comrs.,  Albany,  N.  Y. 
Gideon,  Abraham  CE.,  '95  Tula,  Russia 

Asst.  Engr.,  Little  Falls  &  Herkimer  R.  R.,  Little  Falls,  N.  Y. 
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Gifford,  Robert  L  C.E.,  '91  ;  M.  West.  Soc.  Engr.,  M.  Tech.  Club. 

Civil  Engr.,  221  Fifth  Ave.,  Chicago,  111. 

Gilbert,  Warner  W  C.E.,  '95  ;  M.  Roch.  Acad.  Sc.,  M.  Roch.  Eng.  Soc. 

21  Locust  St.,  Rochester,  N.  Y. 

Asst.  Topographer,  care  of  U.  S.  Geological  Survey,  Washington,  D.  C. 

Gillette,  Olin  C  C.E.,'']i  23  Queen  St.,  Atlanta,  Ga. 

Giltner,  Louis  C  C.E.,  'co  309  Park  Place,  Ithaca,  N.  Y. 

Golden,  Harry  E  C.^.,  '91  Little  Falls,  N.  Y. 

Asst.  Engr.,  Amsterdam  W.  W.  Extension. 
Goodman,  Robert  B  C.E.,  '94  .  .  1215  Old  Colony  Bldg.,  Chicago,  111. 

Supt.  White  Plains  Lighting  Co.,  White  Plains,  N.  Y. 
Gordon,  Fred  F  C.E.,  '93  .  .  .  .75  S.  Union  St.,  Rochester,  N.  Y. 

Asst.  Engr.,  N.  Y.  C.  &  H.  R.  R.R.,  145  Washington  St.,  Buffalo,  N.  Y. 
Graves,  Walter  J  C.E.,  '99  Adrian,  Mich. 

Recorder  U.  S.  Lake  Survey,  U.  S.  Engr's.  Office,  Port  Huron,  Mich. 
Green,  Charles  N  c'e.,  '88  44  W.  Green  St.,  Ithaca,  N.  Y. 

Br.  Designer,  N.  Y.  Central  Ry.,  Room  500,  Grand  Central  Sta.,  New  York. 
Green,  Robert  P   C.E.,  '80,  M.C.E.,  83  Swarthmore,  Pa. 

Civil  Engineer. 

Green,  Rutger  B.  C.E.,  '95  ;  Assoc.  Mem.  Am.  Soc.  C.  E-  ; 

706  E.  Fayette  St.,  Syracuse,  N.  Y. 

With  Solvay  Process  Co.,  Box  557,  Detroit,  Mich, 
Greenavvalt,  William  E.  .  .  .  C.E.,  '87  ...  .  143  Alameda  Ave.,  Denver,  Colo. 

Engineer  and  Metallurgist. 
Greene,  Carleton  A.B.,  C.E.,  '91  ;  Assoc.  M.  Am.  Soc.  C  E.  ; 

Consulting  Engineer,  11  Broadway,  New  York. 
Greene,  Wallace  C  E.,  '74  Washington,  D.  C. 

Patent  Lawyer,  McGill  Building. 

Guinn,  John  B  C.E.,  '92  ;  M.  Am.  Inst.  M.  Engrs.,  M.E-  CI.  St.  L. 

Mining  Engr.,  Box  603,  Aspen,  Colo. 
Haag,  John  M  C^".,  '97  709  Lorain  St.,  Cleveland,  O. 

U.  S.  Inspr.  Yards  and  Docks,  Key  West,  Fla. 
Hadley,  Eugene  J.  .  .  B.S.,  M.C.E.,  '73,  LL.B.  ;  6  Ashburton  PI.,  Boston,  Mass. 

Lawyer. 

Haight,  Andrew  H.  .  .  .  B.S.,  C.E.,  '97  .  .  .  Mabbettsville,  Dutchess  Co.,  N.  Y. 

Halbert,  Henry  D  C^.,  '85  Vanceburg,  Ky. 

Hall,  Frederic  F  C.-fi".,  '99  .  .  .  139  W.  Castle  St.,  Syracuse,  N.  Y. 

The  Anchorage,  Riverside,  Cal. 
Hamilton,  Charles  F  C.E.,  '97  11 12  Buffalo  St.,  Franklin,  Pa. 

Civil  Engineer  for  Miller  Land  &  Improvement  Co. 
Hankenson,  John  J.,  B.C.E.,  M.C.E.y'^^   .  .319  Beacon  St. 

Asst.  Engr.,  CM.  &  St.  P.  Ry.  Co.,  Bowdle,  S.  D. 
Hart,  Emmet  E  C.E.,  '87  Little  Valley,  N.  Y. 

Engr.,  N.  Y.,  Chicago  &  St.  Louis  R.R.,  Cleveland,  O. 
Hasbrouck,  Alvah  D  Ci5'.,'88  Highland,  Ulster  Co.,  N.  Y. 

Mgr.  Iron  Foundry,  The  Lorain  vSteel  Co.,  Johnstown,  Pa. 
Hasbrouck,  Charles  A  C,E.,  '84  ;  M.  Am.  Soc.  C.  E-  .  •  .  .  Ithaca,  N.  Y. 

Asst.  Ch.  Engr.,  Am.  Br.  Works,  40th  and  vStewart  Ave.,  Chicago,  111. 
Haskell,  Eugene  E.  .  .  .    .  .  C.E.,  '79  ;  M.  Am.  Soc.  C.  E-,  Mem.  A.  A.  A.  S. 

U.  S.  Asst.  Engr.,  U.  S.  Engrs.  Office,  Jones  Bldg.,  Detroit,  Mich. 
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Haslam,  Erwin  E-  C  E.,  '96  .  .  .  113  BassettSt.,  New  Britain.  Conn. 

Engr.  Inspr.  Met.  Water  Board,  Clinton,  Mass. 
Halt,  W.  Kendrick  .  .  .  A.B.,  C.E.,  '91  ;  M.  Soc.  Prom.  Engr.  Ed.;  M.  Ind.  Eng.  S. 

Assoc.  Prof.  Applied  Mechanics,  Purdue  Univ.,  Lafayette,  Ind. 
Havens,  Rodman  W  C^.,  '80   69  Lexington  Ave.,  New  York 

Civil  Engineer,  56th  St.  &  East  River,  New  York. 
Hawley,  Abraham  L  C.E.,  '86     .   .     1640  Arapahoe  St.,  Denver,  Colo. 

Trav.  Auditor,  Colo.  &  Southern  Ry.  Co.,  Room  614  Cooper  Bldg. 
Hayes,  Edward  C.E.,  '78  Cohoes,  N.  Y. 

Engr.,  Public  Improvement  Commission,  City  Hall. 
Hayes  John  C.E.,  '97  Brasher  Iron  Works,  N.  Y. 

Asst.  vSupervisor,  L.  V.  R.  R.,  Easton,  Pa. 
Hayford,  John  F  CE.,  '89  ;  Assoc.  M.  Am.  Soc.  C.  E.,  M.  A.  A.  A.  Sc. 

Insp.  Geod.  Work  ;  Chf.,  Comp.  Div.,  U.S.C.  and  G.  Survey,  Washington, D.C. 
Hedden,  Edward  C.E.,  '87. 

U.  S.  Deputy  Mineral  Surveyor,  Caldwell,  Idaho. 
Hedden,  Elmond  J  C.E.,  '92   Charlton,  N.  Y. 

C.  Engr.  and  Contractor,  14  S.  Broad  St.,  Philadelphia,  Pa. 
Henderson,  Henry  C.  .  ...  .  C.E.,  '72  Westchester,  N.  Y. 

Lawyer,  100  Broadway,  New  York. 
Herman,  Robert   C.E.,''j<)  Washington,  D.  C. 

Asst.  Examiner,  U.  S.  Patent  Office. 
Hibbard,  Horace  M  C.E.,"jd,  118  W.  Green  St.,  Ithaca,  N.  Y. 

Treas.  Ithaca  Autophone  Co.,  Treas.  Lake  View  Cemetery. 
Highley,  Lee   C.E.,  '97  ;  Jun.  Am.  Soc.  CE.  .  Farmington,  Mo. 

Resident  Engr.,  F.  D.  &  O.  R.  R.,  Denison,  la. 
Higley,  Anson  H.  Cj^".,  '99  Batavia,  N.  Y. 

Engr's.  Office,  C.  &  N.  W.  R.  R.,  Chicago,  111. 
Hilborn,  Edwin  CE.,  '91  Jasper,  N.  Y. 

Supt.  Lakewood  Water  Co.,  Lakewood,  N.J. 
Hill,  Curtis  CE.,  '97;  Jun.  Am.  Soc.  CE. 

4273  Leclade  Ave.,  St.  Louis,  Mo 
Hill,  John  E.,  M.S.,  CE.,  M.C.E.,  '95  ;  Assoc.  M.  Am.  Soc.  CE.,  Fellow  A.  A.  A.  S. 

Prof.  Civil  Engrg.,  Brown  Univ.,  Providence,  R.  I. 
Hill,  Theodore  W  C.E.,  '93  ;  Assoc.  M.  Am.  Soc.  C.  E. 

Asst.  Engr  ,  K.  &  M.  Ry.  (O.  Cent.  Lines),  Charlestown,  W.  Va. 
Hilton,  Joseph  C  CE.,  '96  Box  225,  Yarmouth,  N.  S.,  Can. 

With  Alex.  Potter,  Consulting  Civil  Engr.,  157  Broadway,  N.  Y. 
Himes,  Albert  J  C.E.,  '87  ;  M.  Am.  Soc.  C.  E.; 

On  Merchants  Investigation,  N.  Y.  Water  Supply. 

54  E.  Mohawk  St.,  Oswego,  N.  Y. 

Hitz,  Irving  CE.,  '91  ;  M.  West.  Soc.  Engrs.  ; 

95th  St.  and  Western  Ave.,  Chicago,  111. 

Asst.  Engr.,  Dept.  Br.  and  Bldg.,  C.  M.  &  St.  P.  Ry.,  iioo  Old  Colony  Bldg. 
Hobart,  Charles  B  C.E.,  '98  ;  14th  and  Roanoke  St.,  Washington,  D.  C. 

Engr.,  Durango  Copper  Syndicate,  Avino  (via)  San  Gabriel,  Estado  de 
Durango,  Mexico. 

HofFeld,  Henry  R  C.E.,  '87  Lancaster,  N.  Y. 

Treas.,  Buf.  Sch.  Furu.  Co.;  Mem.  Firm  R.  Hoffeld  &  Co.,  61  Carroll  St., 
Buffalo,  N.  Y. 
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Holmes,  Glenn  D  C^.,  '96  7  Prospect  Ave.,  Batavia,  N,  Y. 

With  W.  C.  Johnson,  Consulting  Engr.,  Niagara  Falls,  N.  Y. 
Hooker,  Elon  H.  .  A.B.,  C.E.,  '94,  Ph.D.,'<)6  ;  837  N.  St.  Paul  St.,  Rochester,  N.  Y. 

Deputy  Supt.  Pub.  Wks.  State  of  N.  Y.,  Albany,  N.  Y. 

Horner,  George  W  C.E.,  '73  .  .  .  .  L/ewiston,  Nez  Perces  Co.,  Idaho. 

Horton,  Albert  H  CE.,  '98  Silver  Creek,  N.  Y. 

Recorder,  U.  S.  L  S.,  Port  Huron.  Mich. 
Howland,  Rufus  B  C.E.,  '72  Kingston,  Pa. 

Teacher  of  Mathematics. 
Hoy,  William  W  C.E.,  '95  11  Hone  Ave. 

Civil  Engr.  with  Nat.  Trans.  Co.,  41  N.  T.  Bldg.,  Oil  City,  Pa. 
Hoyt,  John  C  C.E.,  '97  ;  M.  Nat.  Geog.  Soc.  .  .  Lafayette,  N.  Y. 

Computer,  U.  S.  C.  &  G.  Survey,  Washington,  D.  C. 
Huestis,  Charles  C  CiS".,  '92  Crown  Point,  N.  Y. 

Contr's  Eng.,  Riverside  Viaduct,  363  W.  123rd  St.,  New  York. 
Hunt,  Sydney   E  '94  Guilford,  Chenango  Co.,  N.  Y. 

Minister,  M.  E.  Church,  119  S.  Ave.,  Syracuse,  N.  Y. 
Hyde,  Alfred  T.  C^.,  '73   607  First  St.,  Oil  City,  Pa. 

Surveying  Operations  in  W.  Virginia. 

Hyde,  Edward  W  C.E.,  '72,  M.C.E.,  '74;  M.  A.  Math.  Soc, 

Fel.  A.  A.  A.  S.;  814  lyincoln  Ave.,  Cincinnati,  O. 

Prof,  of  Mathematics,  University  of  Cincinnati. 

Hyde,  Howard  E  C.E.,  '00  Ithaca,  N.  Y. 

Ingalls,  Owen  L  C.E.,  '86;  Jun.  Am.  Soc.  C.  E.  .  2148  P  St.,  N.  W. 

Asst.  Engr.,  Dist.  Govt.,  Engr,  Commr's.  Office,  Washington,  D.  C. 
Ingersoll,  Vernon  S  C.E.,'gS  Addison,  N.  Y. 

Civil  Engr.,  117  Liberty  St.,  New  York. 
Jackson,  William  C.E.,  '90  Pittsburg,  Pa. 

Engr.,  Carnegie  Steel  Co.,  Ltd.,  Keystone  Bridgs  Wks.,  440  Atlantic  Ave. 
Jacobs,  Robert  H.  .  .  .      .  .  C.E.,  '93  244  W.  42nd  St.,  New  York. 

Engrg.  Dept.,  Aque.  Commrs.,  New  Croton  Dam  Div. 
Janney,  William  H  C.E.,  '74  Smyrna,  Del. 

President  of  The  National  Bank  of  Smyrna. 
Jarvis,  George  M  C.E.,  '78  .  .  .  1510  Woodard  St.,  Denison,  Texas. 

Resdt.  Engr.,  S.  O.  &  Sn.  Ry. 

Johnson,  Albert  M  C.E.,  '95   Oberlin,  O. 

Jordao,  Elias  F.  P  C.E.,  '74  .  .  40  Rua  Consolacao,  Sao  Paulo,  Brazil. 

Member  of  Firm,  Chares,  Prado  &  Cia,  Merchants  ;  Congressman. 
Kain,  Charles  A   .  .  C.E.,  '95  ...  .  Burlingham,  Sullivan  Co.,  N.  Y. 

Draftsman,  The  Carnegie  Steel  Co.,  Ltd.,  Keystone  Br.  Wks.,  272  Fisk  St., 
Pittsburg,  Pa. 

Keays,  Reginald  H  C.E.,  '95  Havana,  Cuba. 

Asst.  Engr.,  Department  of  Havana. 
Kehler,  Sherman  I   C.E.,  '94  Liberty,  Tioga  Co.,  Pa. 

Draftsman,  25th  and  Washington  Ave.,  Philadelphia,  Pa. 

Kelley,  Charles  L  C.E.,  '85  Newark,  Wayne  Co.,  N.  Y, 

Kelley,  William  D.  .  B'.S.,  M.C.E.,  '81  ;  M.  Am.  Soc.  C  E., 

M.  firm  Kelley  &  Kelley,  Engrs.  and  Contrs.,  41  W.  42nd  St.,  New  York. 
Kelsey,  Clifford  S.  .  .  .  B.A.,  C.E.,  '88;  Jun.  Am.  Soc.  C.  E.  .  Westfield,  N.  J. 

U.  S.  Asst.  Engr.,  39  Whitehall  St.,  New  York. 
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Kelsey,  Sidney  R.,  Major  .  .  C.E.,  '87  1221  Oak  St.,  Kansas  City,  Mo. 

Prof.  Mathematics,  Central  High  vSchool. 
Kendall,  Charles  H.  .  .  C.E.,  '95,  M.S.  ;  M.  Eng.  Club,  Minn.  .  Rushford,  N.  Y. 

Asst.  Engr.,  Pittsburg,  Shawmut  &  N.  R.R.,  M.  of  W.  Dept.,  Smethport,  Pa. 

Kennedy,  James  C  C.E.,  '79;  M.  Am.  Assoc.  Irr.  Engrs.  ; 

Saratoga,  Carbon  Co.,  Wyoming. 

Ch.  Engr.  and  Sup.,  Wyoming  Dev.  &  Trans.  Co.,  Gold  Hill,  Wyo. 
Ketclium,  Dickerson  A.,  Jr.  .  CTi.,  '00  Middletown,  N.  Y. 

Rodman,  N.  Y.,  Canal  Enlargement  Sur. 
Knight,  Frederick  J.  CE.,  '73  Monroe,  Orange  Co.,  N.  Y. 

Civil  Engr.  and  Surveyor.    Engr.  of  Chester,  N.  Y. 
Knighton,  John  A  C.E.,  91  ;  M.  Engrs.  Soc.  W.  N.  Y.  ;  Buffalo,  N.  Y. 

Asst.  Engr.,  Grade  Crossing  Commrs. ,  436  EHicott  Sq. 
Knoch,  Julius  J  M.S.,  C.E.,  '92  .   Saxonburg,  Pa. 

Prof.  C.  Engrg.,  University  of  Arkansas,  Fayetteville,  Ark. 
Krusi,  Herman  C.E.,  '82  .   .     220  Market  vSt.,  San  Francisco,  Cal. 

Chief  Engineer,  San  Francisco  Bridge  Co. 
Lance,  John  H.   C.E.,  '96  Plymouth,  Luzerne  Co.,  Pa. 

Ch.  Engr.,  Spring  Brook  Water  Supply  Co.,  6  N.  Main  St.,  Wilkesbarre,  Pa. 

Landis,  Charles  W  C.E.,  '00     .  .1911  Gratz  Ave.,  Philadelphia,  Pa. 

Landon,  Eugene  A  C.E.,  '80;  M.  Am.  Soc  C.  E-  .  .  .  Groton,  N.  Y. 

Chief  Engr.,  Groton  Bridge  &  Mfg.  Co. 

Lanpher,  Erwin  E  C.E.,  '99  Lowville,  N.  Y. 

Larned,  William  H.  ....  C^.,  '84  Haigler,  Neb. 

Treasurer,  Empire  Loan  &  Trust  Co. 
Lathrop,  John  P.  P  '92;  M.  Engr.  Club,  Phila.  .  Overbrook,  Pa. 

Civil  Engineer  and  Contractor. 
Latting,  Benjamin  F.  .  .      .  C.E.,  '94;  Jun.  Am.  Soc.  C.  E.,  Shortsville,  N.  Y. 

Drftn.,  King  Bridge  Co.,  Cleveland,  O. 

Lawrence,  Theodore  F.     .  .  C.E.,  '88  Chester,  N.  Y. 

Lawson,  David  T  C.E.,  '73  .   .  .  .0.  Iron  Syn.,  52  Bdy.,  New  York. 

Engr.  to  the  Orinoco  Iron  Syndicate,  Ltd.,  Manoa,  Venezuela. 
Lay,  Charles  H.,  Jr  CE.,  '74  Oil  City,  Pa. 

Accountant,  206  Seneca  St. 
Ledger,  William  H.  .  B.E.,  M.CE.,  '95  Pittsburg,  Pa. 

Asst.  Engr.,  Keystone  Br.  Wks. 

Lewis,  Clarence  C  C.E.,  '91  ;  M.  E.  Soc.  W.  N.  Y.  ; 

65  Bolton  Ave.,  Cleveland,  O- 

Engr.  of  Way,  International  Traction  Co.,  Buffalo,  N.  Y. 
Lewis,  Joshua  R  C.E.,  '95  ;  LL.B.  .  .  934  W.  End  Ave.,  New  York 

Lawyer,  31  Nassau  St. 

Livermore,  Norman  B  C.E.,  '95  ;  Jun.  Am.  So.  C.E.,  M.N.  Eng.  W.W.  Ass. 

1023  Vallejo  St.,  San  Francisco,  Cal. 

Ch.  Engr.  and  Supt,  San  Diego  W^ater  Co.,  San  Diego,  Cal. 
Lock  wood,  Ralph  H  C^".,  '73  Anthony,  Kan^ 

President  Lockwood  Mortgage  Co. 
Loomis,  Arthur  B.  .  .  B.S.,  M.C.E.,  '^4  Fulton,  111. 

Asst.  Engr.,  Massillon  Br.  Co.,  Toledo,  O. 
Loomis,  Willis  H   .  C.E.,  '94  ;  M.  N.  Y.  R.  R.  Club;  Iliou,  N.  Y. 

Asst.  Engr.,  Maint.  of  W^ay,  Lackawanna  R.R.,  Scranton,  Pa. 
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Lordly,  Henry  R  C.E.,  '93  ;  M.  Can.  Soc.  C.  E.  .  .  .  St.  John,  N.  B. 

Gen.  Mgr.  Auer  Light  Co.,  and  Gas  Engr. 
Lovell,  Earl  B  CE.,  '91  ;  M.  N.  Y.  R.  R.  Club  ; 

Adjunct  Prof.  Civil  Engineering,  Columbia  University,  New  York. 
Lueder,  Archie  B  '99  WilkesBarre,  Pa. 

Timekeeper,  Berlin  Iron  Br.  Co.,  East  Berlin,  Conn. 
McCaustland,  Elmer  J.  .  .  3I.C.E.,  '97  Ithaca,  N.  Y. 

Instructor  in  Civil  Engineering,  Cornell  University. 
McConnell,  Ira  W  C.E.^  '97  .  1212  Taylor  Ave.,  Kansas  City,  S.  Side. 

Instructor  Civil  Engineering,  Cornell  University. 
McCormick,  Cyrus  H.  .  .  .   .  C.E.,  '78  Henderson,  Ky. 

Mining,  Victor,  Colo. 
McCrea,  Clark  W  C.E.,  '81,  M.C.E.,  '84  .  .  .  Cape  Girardeau,  Mo. 

Railroads,  Land  Drainage,  Irrigation  and  Sanitary  Engrg. 
MacDiarmid,  Milo  S  C.E.,  '95     .  .   Truxton,  N.  Y. 

Inspr.,  N.  Y.  C.  &  H.  R.  R.R.,  145  Washington  St.,  Buffalo,  N.  Y. 
MacHarg,  John  B.  C.E.,  '93  Rome,  N.  Y. 

Student  Hamilton  College  ;  Manufacturer  of  Fishing  Tackle. 
McHarg,  Leslie  C-fi".,  '99     .   .  .  26  Arthur  St.,  Bingham  ton,  N.  Y. 

Asst.  in  Civil  Engrg.,  Columbia  Univ.,  New  York. 
McKeever,  William      .  .  .  .  CiS".,  '98  ;  Jun.  Am.  Soc.  C.  E.  ; 

21 16  Vine  St.,  Philadelphia,  Pa. 

Topog.  Bureau,  Third  Ave.  and  177th  St.,  New  York. 
Mackintosh,  William  C.E.,  '96  150  Nassau  St.,  New  York. 

Civil  Engineer,  Kiam  Bldg.,  Houston,  Texas. 
Macpherson,  David  J  C.E.,  ''j'j  .  529  N.  Los  Robles  Ave.,  Pasadena,  Cal. 

Ch.  Engr.,  San  Gorges  Bay  &  Eastern  Ry.,  Quitonac,  Sonora,  Mexico. 
Makepeace,  Mervale  D.  .  .  .  C.E.,  '75  304  Marshall  St. 

Architect,  116  S.  Salina  St.,  Syracuse,  N.  Y. 
Mallery,  Clarence  S  C.E.,  '89  Owego,  N.  Y. 

Br.  Engr.  and  Contr.,  with  The  Owego  Bridge  Co. 
Maltby,  Albert  E  C.E.,  '76,  Ph.D  Slippery  Rock,  Pa. 

Principal  State  Normal  School. 
Mann,  Louis  M  C.E.,  '77  ;  M.  Wes.  Soc.  C.  E.  .  .  .  Oshkosh,  Wis. 

U.  S.  Asst.  Engr.,  U.  S.  Engrs.  Office. 
Marsh,  Clarence  W  C.E.,  '94  Glens  Falls,  N.  Y. 

Civil  Engineer,  107  W.  48th  St.,  New  York. 
Marston,  Anson  r.^.,'89  ;  Assoc.  M.  Am.  Soc.  C.E.,  M.  S-  P.  En.  Ed. 

Prof.  Civil  Engrg.,  Iowa  State  College,  Ames,  la. 
Marx,  Charles  D  C.E.,  '78;  M.  Am.  Soc.  C.  E.,  M.  W.  Soc.  C.  E. 

Prof.  C.  Engrg.,  Leland  Stanford  Univ.;  Consulting  Engr.;  Palo  Alto,  Cal. 

Marx,  Erwin  C.E.,  '00  2125  Park  wood  Ave.,  Toledo,  O. 

Maxwell,  Frank  A  C.E.,  '78,  M.C.E.,  '79  ...  .  Georgetown,  Colo. 

U.  S.  Deputy  Mineral  Surveyor. 
Mayhew,  Robert,  C£".,  '94  .  .  49  Court  St.,  Saratoga  Springs,  N.  Y. 

Machinist  and  Electrician. 
Mead,  Daniel  W  C.E.,  '84  ;  M.  Am.  Soc.  C.  E.,  M.  Wes.  Soc.  Engrs. 

Consulting  Engr.,  605  ist  Nat.  Bk.  Bldg.,  Chicago,  111. 
Mead,  Theodore  L  C.E.,  '77;  Cor.  M.  Phila.  Ac  Nat.  Sc.,  

Orange  Grower,  Oviedo,  Fla. 
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Meehan,  John  W.  C.E.,  '87  Mt.  Vernon,  Wash. 

Co.  vSurveyor,  Skagit  Co. 
Meuocal,  Mario  G  C.E.,  '88  19  Rayo  St.,  Havana,  Cuba. 

Chief  Engr.,  Light  House  Board,  Arsenal  Grounds. 
Merrill,  Ogden  '99  ...  .  78  S.  Tenth  St.,  Brooklyn,  N.  Y. 

Traveling  in  Europe. 
Merrill,  Thomas  D  CE.,  '78  Duluth,  Minn. 

Lumber  Dealer. 

Mersereau,  Charles  V  CE.,  '79,  M.C.E.,  '81  ;  M.  Am.  Soc.  C.  E., 

M.  St.  L.  E.  Club. 

Asst.  Engr.,  Water  Works  Exten.,  77  E.  May  St.,  vSt.  Louis,  Mo. 
Michaelson,  Joseph  C.E.,  '92  Geneva,  N.  Y. 

Draftsman. 

Milden,  Reginald  B  C.E.,  '00  Marlboro,  Mass. 

Miner,  James  H.   C.E.,  '00  Warrensville,  O. 

Moore,  Clarence  S  C^"..  '98  .   .  504  vSullivan  St.,  Olean,  N.  Y, 

Emp'd  under  Br.  Inspr.  Penna.  Co.,  Penn  Ave.  &  loth  vSt.,  Pittsburg,  Pa. 
Moore,  Egbert  J  C.E.,  '99  Box  566,  Patchogue,  N.  Y* 

Timekeeper,  Berlin  Iron  Br.  Co.,  East  Berlin,  Conn. 
Moore,  Frank  C  C.E.,  '92. 

Computer,  Boston  Bridge  Works,  70  Kilby  St.,  Boston,  Mass. 
More,  Charles  C.  C.E.,  '00  ;  Jun.  Am.  Soc.  C.  E.  .  .   .     Bangor,  Pa. 

Draftsman,  Br.  and  Const.  Dept.,  Pencoyd  Iron  Works,  253  Rochelle  Ave., 
Philadelphia,  Pa. 

Moraes,  Domingos  C.  de  .   .     C-fi".,  '77  .  .   .   .45  Rua  Visconde  de  Rio  Branco. 

State  Senator,  Sao  Paulo,  Brazil. 
Moss,  Berkeley  N  CE.,  '93  ;  M.  Iowa  Soc.  C.  E.  .  .  Des  Moines,  la. 

Secy.  &  Treas.,  Des  Moines  Br.  &  I.  Wks.,  618  la.  L.  &  T.  Bldg. 
Mosscrop,  Alfred  M  C.E.,  '85  ;  M.  Am.  Soc.  C.  E.;  M.  Roch.  E.  S. 

Engr.  Rochester  Bridge  and  Iron  Works,  Rochester,  N.  Y. 
Muller,  Leslie  CE.,  '96. 

Draftsman,  L.  V.  R.R.,  Easton,  Pa. 
Munoz,  Jose,  del  C  C.E.,  'gi  Rivas,  Nicaragua. 

Secretary  Public  Works,  National  Government,  Managua. 
Murphy,  Edward  C  C.i5".,  '84  M.S.;  M.C.E.,  '00. 

Fellow,  Civil  Engrg.,  Cornell  ;  Civil  Engr.,  Ithaca,  N.  Y. 

Myers,  Andrew  M  CE.,  '00  7  Cayuga  St.,  Auburn,  N.  Y. 

Nagle,  James  C,  31. A.,  CE.,  M.CE.,  '93  ;  Assoc.  M.  Am.  Soc.  C.  E., 

Fel.  A.  A.  A.  S.,  M.  Am.  Math.  Soc,  Fel.  Tex.  Acad,  of  Sc. 

Prof.  Civil  Eng.,  A.  and  M.  College  of  Texas,  College  Station. 

Nambu,  Tsunejiro  M.CE.,  '88  M.  Japanese  Engrg.  Soc  ; 

Najasaki,  Japan. 

Ch.  Engr.,  Najasaki  Harbor  Impvt. 
Neely,  Samuel  T  CE.,  'gs  Paris,  Ky. 

Res.  Engr.,  ch.  of  Const.,  "Burlington  Route,"  Macon,  Mo. 
Niemeyer,  Carl  H  CE.,  '91  ...   .  334  E.  4th  St.,  Williamsport,  Pa. 

Supervisor,  Trenton  Cut  Off,  Phila.  Div.,  P.  R.R.,  Norristown,  Pa. 

Northrup,  Henry  G.  CE.,  '74  .        .   .  100  Washington  Sq.,  New  York. 

Norton,  George  H  C.E.,  '87  ;  M.  Eng.  Soc.  W.  N.  Y.  .  Buffalo,  N.  Y 

Asst.  Engineer,  Dept.  Public  Works,  13  City  Hall. 
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Nye,  Algernon  S  CE.,  '88;  Jun.  Am.  Soc  C.  E. 

Trsn.,  Aqu.  Com.  of  New  York,  Jerome  Park  Res.,  Kingsbridj^e,  N,  Y. 

Ogden,  Henry  N  C.E.,  '89;  Assoc.  M.  Am.  Soc.  C.  E.  ;  146  Univ.  Ave. 

Asst.  Prof.  Civil  Engineering,  Cornell  University. 

Olin,  Franklin  W  C.E.,  '86  ;  M.  Am.  Soc.  M.  Engrs.,  Alton,  111. 

Pres.  Equit.  Powder  Mfg  Co.,  912  Rial  to  Bldg.,  St.  Louis,  Mo. 

Olney,  Willard  W  C.E.,  '79  Blunt,  S.  D 

Locating  Engr.,  D.  S.  S.  &  A.  Ry.,  Rockland,  Mich. 

Ormsby,  Frank  W  C.E.,  'Si  123  E.  3d  St.,  Oswego,  N.  Y. 

City  Engineer,  City  Hall. 

Ostrom,  John  N  CE.,  '77  ;  M.  Am.  Soc.  C.  E.,  M.  Wes.  Soc.  Engrs. 

Bridge  Engineer,  Park  Building,  Pittsburg,  Pa. 

Owen,  Elijah  H  Ph.B.,  C.E  ,  '99  Buckland,  Conn. 

With  City  Engr.,  Hartford,  Conn. 

Page,  John  C.E.,  '80  Lima,  O. 

Asst.  Gen'l  Supt.,  The  Buckeye  Pipe  Line  Co. 

Page,  William  H.  C.E.,  '83  Box  415,  Corsicana,  Tex. 

Civil  Engr  ,  J.  S.  Cullinan  Pipe  Line  Co. 

Palmer,  Marshall  B  C.E.,  '95  Minoa,  Onondaga  Co.,  N.  Y. 

Asst.  Engr.,  N.  Y.  C.  &  H.  R.  R.R.,  Punxsutawney,  Pa. 

Palmer,  Ray  S  C.E.,  '97  .  •    ....  Box  126,  Canandaigua,  N.  Y. 

U.  S.  Inspr.,  Box  263,  New  Brunswick,  N.  J. 

Park,  Robert  B  C^.,  '94  Athens,  Pa. 

Inspr.,  Brick  &  Steel  Const.,  Navy  Yard,  Norfolk,  Va. 

56  Court  St.,  Portsmouth,  Va. 
Parke,  Robert  A.  .   .  .  M,E.,  C.E.,  '80;  M.  N.  Y.  R.R.  Club. 

East.  Represen.  Westinghouse  Air  Brake  Co.,  26  Cortlandt  St.,  New  York. 

Parsons,  Frank  C.E.,  'jt,  ;  M.  Bos.  Bar  ; 

II  St.  James  Ave.,  Boston,  Mass. 
Lect.,  Boston  Univ.  Law  School  ;  Legal  Text  Writer  ;  Pres.  Nat.  League  for 
Pro.  Pub.  Ownsp.  Monopolies. 

Parsons,  Herbert  C.E:,  '91  Marcellus,  N.  Y. 

Asst.  Engr.,  C.  R.  I.  &  P.  Ry.,  Div.  Engr's.  Of.,  Chicago,  111. 

Paz,  Luis  C.E.,  '93  Pinalejo,  Honduras,  C.  A 

Pearson,  Edward  J  C^".,  83  Tacoma,  Wash. 

Supt.  Northern  Pacific  Ry. 

Pendergrass,  Robert  A.  .  .   .  C.E.,' 00  Saratoga  Springs,  N.  Y. 

Draftsman,  Groton  Bridge  Co.,  Groton,  N.  Y. 

Penfield,  George  W  C.E.,  '00  New  Britain,  Conn. 

Perkins,  Albert  H  CE.,  '93,  M.C.E.,  '94  Mansfield,  Pa. 

Engr.  Corps,  N.  Y.  C.  &  H.  R.  R.R.,  Jersey  Shore,  Pa. 

Perkins,  Philip  H.   C.E.,  '75,  M.S.  West  Superior,  Wis. 

Attorney  at  Law. 

Phillips,  Frederick  C  C.E.,  '92  ;  Jun.  Am.  vSoc  C  E.  .  Little  Falls,  N.  Y. 

Pierce,  Henry  Ci^:.,  '80 ;  M.  Am.  Soc.  C.  E.;  Huntington,  W.  Va. 

Engineer  Maint.  of  Way,  Ches.  &  Ohio  Ry. 
Place,  Arthur  H  C.>£".,  '94  .  .  .   .90  Tompkins  St.,  Cortland,  N.  Y. 

With  the  International  Register  Co.,  135  So.  Clinton  St.,  Chicago,  111. 
Poss,  Victor  H  C.E.,  '92  ;  M.  St.  L.  Eng.  Club  .  .  .St.  Louis,  Mo. 

Engr.  with  U.  S-  L.  H.  Dept.,  Old  Custom  House,  Detroit,  Mich. 
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Potter,  Fred  H.,  Jr  '94   .  .  .  Saginaw,  W.  S.,  Mich. 

Mgr.  Homestake  Mining  Group,  Wickenburg,  Ari. 
Powell,  Charles  U  C.£".,  '98  Glen  Head,  Long  Island. 

Transitnian,  N.  Y.  City  Topographical  Survey,  156  E.  34th  St.,  New  York, 

Powell,  George  W  C.E.,  '85  Reeds  Corners,  N.  Y- 

Preston,  Edward  L  C.E.,  '78  ....  .  Box  237,  Idaho  Springs,  Colo. 

Resdt.  Engr.,  C.  S.  &  C  C.  K.  D.  Ry.,  Box  K,  Colorado  Springs,  Colo. 

Preston,  Erasmus  D  C.E.,  '75,  M.C.E.,  '80;  M.  Phil.  Soc,  Wash., 

M.  Wash.  Ac.  vSc. 

Executive  Officer  U.  S.  C.  and  G.  vSurvey,  Washington,  D.  C. 
Price,  Charles  S  C.E.,  '72  Johnstown,  Pa. 

General  Manager  Cambria  Steel  Co. 
Purdy,  Samuel  M  Ci^.,  '96  Lake   Providence,  La. 

With  W.  C.  Johnson,  Con.  Engr.,  417  Niagara  St.,  Niagara  Falls,  N.  Y. 
Raymond.  Charles  W  C.E.,  '76,  M.C.E.,  '78;  M.  Am.  Soc.  C.  E. 

Min.  Engr.  and  Mining  Expert,  Placerville,  Cal. 
Read,  Jesse  E  C^.,  '81   Ozone  Park,  New  York. 

Prin.  Asst.  Engr.,  Long  Island  R.R.,  Long  Island  City,  N.  Y. 
Read,  Willett  W  C.E.,  '88  Niagara  Falls,  N.  Y. 

Civil  Engr.  and  Contractor,  744  Chilton  Ave. 
Reed,  James  W  C.E.,  '83  134  W.  112th  vSt.,  New  York. 

Civil  Eng.,  with  A.  J.  Manning,  Arch't.,  160  Fifth  Ave. 
Reyua,  Serapio,  CE.,  '00  Joyutla,  E.  Morelos,  Mexico. 

Agriculturist. 

Rider,  Arthur  B  r.i5".,  '98  Hyde  Park-on-Hudson,  N.  Y. 

Sub-Inspr.  U.  S.  Navy  Yard,  New  York. 
Ripley,  John  W  C.fi'.,  '93  Sag  Harbor,  N.  Y. 

Priu.  Asst.  Engr.,  Riverside  Viaduct,  257  Broadway,  New  York. 

Ritter,  Gilbert  P  C.E.,  '97  .  1326  Yale  St.,  N.  W.,  Washington,  D.  C. 

Robey,  Kennerly  .  .  .  A.M.,  C.E.,  '95  6444  Yale  Ave.,  Chicago,  111. 

Civil  Engineer. 

Robinson,  Horace  B  CE-.'-j^  Oil  City,  Pa. 

Civil  Engineer  for  the  National  Transit  Co. 
Rodriguez,  Arturo  C.E.,  '91  48  W.  Seneca  St.,  Ithaca,  N.  Y. 

234  W.  37th  St.,  New  York. 
Rodriguez,  Francisco  de  P.  .  .  C.E.^  '78  ;  M.  Cuban  Constructor's  Soc. 

Civil  Engineer  and  Architect,  20  Estrella  St.,  Havana,  Cuba. 
Roess,  Gustav  F  C^".,  '90  Oil  City,  Pa. 

City  Engineer,  Oil  City. 
Rogers,  Alson  C.E.,  '^2  Warren,  Pa. 

Civil  Engineer,  Rogers  Block. 
Root,  Francis  J  C.E.,  '73  102  Chambers  St.,  New  York. 

President  New  York  Wire  Cloth  Co. 

Rosekrans,  Burton  W  C.E.,  '00  ....  534  Madison  Ave.,  Albany,  N.  Y. 

Rosser,  David  M  C.E.,  '95  ;  M.  la.  Soc.  C.  E  Kingston,  Pa. 

Civil  Engineer  and  Contractor. 
Rossman,  Clark  G  C.E.,  '93,  M.D.  ;  M.  Colu.  Co.  Medical  Soc. 

Physician,  11  South  Sixth  St.,  Hudson,  N.  Y. 
Rue,  Malcolm  A  C.E.,  '99  .  .  .  700  Nostrand  A*''e.,  Brooklyn,  N.  Y 

Civil  Engr.,  39  Cortlandt  St.,  New  York. 
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Runette,  Harry  K.      ....  C.E.,  '96  Pittsburg,  Pa' 

Estimater,  Pittsburg  Bridge  Co.,  Colo.  Office,  1237  Ogden  St.,  Denver, 

Rutledge,  Arthur  E  C^.,  '86  ;  M.  West.  Soc.  Eugrs.  .  .  Rockford,  111. 

Contractor. 

St.  John,  Richard  C  '87  ;  Jun.  Am.  Soc.  C.  E.,  M.  E.  Club,  Phila. 

Tax  Agent,  Cent.  R.  R.  of  N.  J.,  143  Liberty  St.,  New  York. 

Salmon,  Samuel  W  C.E.,  '71  Mount  Olive,  N.  J. 

Schmidt,  William  H  C^.,  '94  24  E.  80th  St.,  New  York. 

Grain  Business. 

Schoff,  Frederic  C£".,  '71  .   .  .  26th  and  Callowhill  Sts.,  Phila.,  Pa. 

Proprietor,  Stow  Flexible  Shaft  Co. 
Schreiner,  Alberto  F  C.E.,  '97  16308th  Ave.,  Brooklyn,  N.  Y. 

Supt.,  with  H.  Krautz,  Mfr.  Switches,  etc.,  Boerum  PL,  cor.  State  St. 
Schwalbach,  Frank  G.  H.  .   .  C.E.,  '88  Menosha,  Wis. 

Mining,  Cripple  Creek,  Colo. 

Seabury,  Albert  H  C.E.,  '95  Hempstead,  N.  Y. 

Senior,  Frank  S  C.E.,  '96;  Jun.  Am.  Soc.  C.  E.; 

Montgomery,  N.  Y. 

Contr's.  Engr.,  with  A.  McMullen  &  Co.,  Park  Row  Bldg.,  New  York. 
Shaler,  Ira  A  C.E.,  '84,  M.C.E..,  '86  ;  M.  Am.  Soc.  C.  E. 

Coiitr.  Engr.,  27  William  St.,  New  York. 
Sherman,  Charles  W.,  S.B.,  M.C.E.,  '95  ;  Jun.  Am.  Soc.  C.  E.,  M.  Bos.  Soc.  C.  E.  ; 

Ed.,  New  Eng.  W.  W.  Assn.;  67  Hammond  St.,  Cambridge,  Mass. 

Asst.  Engr,  Metrop.  Water  Works,  3  Mt.  Vernon  St.,  Boston,  Mass. 
Sherman,  Walter  J.  .   .  C.E.,  '77  ;  M.  E.  CI.  of  St.  L.,  M.Mich.  Engrs.  Soc. 

Riggs  &  Sherman,  Civil  and  Consult.  Engrs.,  613  Nasby  Bldg.,  Toledo,  O. 
Shillinger,  John  G  C.E.,  '92  West  Lebanon,  N.  Y. 

Engr.  M.  of  W.,  Cin.  Div.,  C.  C.  C.  &  St.  L.  Ry.,  Springfield,  O. 

Shire,  Moses  E  C.E.,  '00  .  4940  Washington  Park  PI.,  Chicago,  111. 

Sill,  Cyrus  B  C.E.,  '72  Warren,  O. 

Silviera,  Fernando  X  da  .  .  .  C^".,  '96  Monte  Santo,  Minas,  Brazil- 

Simpson,  George  F  C-fi".,  '79  ;  M.  Am.  Soc.  C.  E. 

^          319  W.  124th  St.,  New  York. 
Simpson,  Robert  H  Ci?.,  '96  Wabash,  Ind- 

Engr.,  M.  of  Way,  Mich.  Div.,  C.  C.  C.  &  St.  L.  Ry. 

Skinner,  Frank  W  C.E.,  '79;  M.  Am.  Soc.  C.  E.,  M.  E.  Club  of  N.  Y. 

50  Sher.  Ave.,  Brighton,  N.  Y, 

Editorial  Staff,  Engineering  Record,  100  William  St.,  New  York. 
Skinner,  John  F  C.E.,  '90;  Secy.  Roch.  Eng.  Soc;  46  Boardman  St- 

Sp.  W.  W.  Asst.  Engr.,  52  City  Hall,  Rochester,  N.  Y. 
Smith,  Eugene  R  C,E.,  '77  ;  Jun.  Am.  Soc.  C.  E  Islip,  N.  Y. 

Civil  Engineer. 

Smith,  George  G  C.E.,  '98,  M.C.E.,  '99  .  .  .  Flint,  Ont.  Co.,  N.  Y. 

Asst.,  Civil  Engineering,  Cornell  University. 
Smith,  Leonard  J  C.E.,  '92  .   .  .        61  Groton  Ave,  Cortland,  N.  Y. 

Div.  Engr.,  U.  T.  Co.,  15th  and  Huntington  Sts.,  Philadelphia,  Pa. 

Smith,  Miller  A  C.E.,  '71  ;  M.  Am.  Soc,  C.  E. 

Puerto  Barrios,  Guatemala. 
Smith,  William  C  C.E.,  '85  ;  M.  N.  W.  Ry.  CI.,  M.  St.  P.  As.  C.  E. 

Ch.  Engr,,  Brainard  &  Northern  Minn.  R)'.,  Brainard,  Minn. 
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Snider,  Clarence  A  C.E.,  '91  484  Russell  Ave.,  Cleveland,  O. 

Secy.,  The  Snider  Hughes  Co.,  Manufacturers  Steam  Pumps. 
Spencer,  Clifton  B  '94  528  Moffet  Ave.,  Joplin,  Mo. 

Asst.  Engr.,  K.  C.  F.  S.  &  M.  R.R.,  Kansas  City,  Mo. 

Spiker,  William  C  C.E., '00   Cadiz.  O. 

Sprague,  Danly  D  C.E.,  '95   G.  N.  Ry.,  St.  Paul,  Minn. 

Asst.  Engr.,  Great  Northern  Ry. 
Stebbins,  Smith  H  C.E.,  '95  Silver  Creek,  N.  Y. 

Asst.  Chief,  Map  Dept.,  Hall  of  Records,  Brooklyn,  N  Y. 

Stegner,  Cliff  M  C.E  ,  '00  .  .  Oak  and  Bellevue  Sts.,  Cincinnati,  O. 

Steinaclier,  Gustavo  J  C.E.,  '92  New  York. 

City  Surveyor,  170  W.  85th  St. 
Sterling,  Guy  C.E.,   Salt  Lake,  Utah. 

vSterling  &  Sterling,  C,  Hyd.  &  Min.  Engrs.,  220  Walker  Bldg. 

Stewart,  Clinton  B  C.E.,  '90;  Assoc.  M.  Am.  vSoc.  C.  E., 

M.  West.  vSoc.  C.  E.  ;  Anchor,  111. 

Civil  Engineer. 

Stidham,  Harrison  L  C.E.,  '91  New  York. 

M.  of  Firm,  Walker  &  Stidham,  Civil  and  San.  Engrs.,  874  Broadway. 
Stine,  Charles  R  C.E.,  '^6  Catonsville,  Balto.  Co.,  Md. 

Broker  in  Stocks  and  Bonds,  225  E.  German  St.,  Baltimore. 
Stolp,  Myron  G  C.E.,  '72  Aurora,  111. 

Public  Engineer. 

Stone,  James  S  '89  Chicago,  111. 

Foreman,  charge  Templet  Dept..  Am.  Br.  Wks.,  40th  and  Stewart  Ave. 
Storey,  William  R  C.E.,  '81  ;  Pres.  Roch.  Engr.  vSoc. 

Civil  Engr.  and  Surveyor,  711  EHwanger  &  Barry  Bldg.,  Rochester,  N.  Y. 
Strang,  Percival  C.E.,  '97  .  ,918  La.  Ave.  N.  W.,  Washington,  D.  C. 

Asst.  Engr.,  C.  &  N.  W.  Ry.,  Kaukauna,  Wis. 

Strasburger,  Edgar  J  C.E.,  '00  .  .  124  W.  Granite  St.,  Butte.  Mont. 

Stratton,  William  H  C.E.,  '88  Berlin,  Conn. 

Asst.  to  Pres.,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 
Strong,  Herbert  W  r.£".,  '94  .  .  .  .82  Brookfield  St.,  Cleveland,  O. 

Sec'y,  The  Strong,  Carlisle  &  Hammond  Co.,  63  Frankfort  St. 
Stubbs,  James  H  C.E.,  '76;  M.  Bos.  Soc.  C.  E.  . ' .  .  Boston,  Mass. 

Asst.  Engr.,  Metropolitan  Sewerage  System,  W.  Roxbury  Dist. 
Sugi,  Bungo  C^.,  '90  Tokio,  Japan. 

Engr.,  Railway  Bureau,  Conmiunication  Dept. 
Sullivan,  John  C.E.,  '88  ;  M.  Am.  Soc.  C.  E.,  M.  Can.  Soc.  C.  E. 

Prin.  Asst.  Engr.,  C.  P.  R.R.,  ch.  of  work  in  Brit.  Col.,  Box  133,  Trail,  B.  C. 

Swanitz,  Henry  W  C.E.,  '00  ....  299  Madison  Ave.,  Flushing,  R.  1. 

Swindells.  Joseph  S  C.E.,  '95,  M.C.E.,  '98  ;  Jun.  Am.  Soc.  C.  E.  ; 

316  Throop  Ave.,  Brooklyn,  N.  Y. 

San  Juan,  Porto  Rico. 

Tatnall,  George  C.E.,  '75  ;  M.  Am.  Soc.  C.  E.,  M.  N.  Y.R.R.  Club, 

M.  E.  Club  of  Phila. 
1403  Gilpin  Ave.,  Wilmington,  Del. 
Asst.  Engr.,  P.  W.  &  B.  R.R.,  Broad  St.  Sta.,  Philadelphia,  Pa. 

Taylor,  Robert  C  C.E.,  '99  130  S.  5th  St.,  Indiana,  Pa. 

Civil  Engr.,  602  Times  Bldg.,  Pittsburg,  Pa. 
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Taylor,  Thomas  U.  .  C.E.,  M.C.E.,  '95  ;  Assoc.  M.  Am.  Soc.  C.  E. 

Prof.  Civil  Engr.,  Univ.  of  Texas,  Austin,  Texas. 

Taylor,  T.  Walter  C.E.,  '00  ......  62  Rush  St.,  Brooklyn,  N.  Y. 

Tenney,  Maynard  A  C.E.,  '98  17  Hamilton  Ave.,  Lynn,  Mass. 

Traveling  in  Europe. 

Terrell,  Adelphus  C  C.E.,  '00   Macon,  Mo. 

Thacher,  Cornelius  S  C.E.,  '78  364  Clifton  Ave.,  Newark,  N.J. 

Prof.  Math.,  Newark  High  School. 
Thebaud,  John  E  C.E.,  '95  763  7th  St.,  Buffalo,  N.  Y. 

Civil  Engineer,  1044  Prudential  Bldg. 
Thomas,  Howard  C.E.,  '77  West  Superior,  Wis. 

Ch.  Engr.,  Land  and  River  Co. 
Thomas,  Seymour  P.  .      .   .  .  C.E. ,  'ji  49  William  St.,  New  Ydrk. 

Resident  Engineer,  Phoenix  Bridge  Co.  ;  N.  Y.  Mgr.,  Phoenix  Iron  Co. 
Thompson,  Ellis  D  C.E.,  '76;  M.  Am.  Soc.  C.  E.,  M.  E.  Club,  Phila. 

U.  S.  Asst.  Engr.,  815  Witherspoon  Bldg.,  Philadelphia,  Pa. 
Thomson,  Alexander,  Jr.  .  .  .  C.E.,  '99  .  .  517  Lexington  Ave.,  Brooklyn,  N.  Y. 

Draftsman,  Cent.  R.R.  of  N.  J.,  143  Liberty  St.,  New  York. 
Throop,  William  B  C.E.,  '77;  M.  W.  Soc.  Engrs.,  M.  W.  Ry.  Club. 

Div.  Supt.,  C.  B.  &  Q.  R.R.,  Galesburg,  111. 
Tibbets,  Addison  S  C.E.,  '77  658  So.  17th  St.,  Lincoln,  Neb. 

Attorney  at  Law. 

Tier,  Lewis  P  C.E.,  '74  .  .  .  .54  S.  Linwood  Ave.,  Norwalk,  O. 

Engine  Dispatcher,  Tol.  Div.  L.  S.  &  M.  S.  Ry. 
Tilton,  Benjamin  E  C.E.,  '97  Oshkosk,  Wis. 

Aid,  U.  S.  C.  and  G.  Survey,  Washington,  D.  C. 
Tomlinson,  Frank  C  C.E.,  '74  222  Park  Ave.,  Ironton,  Ohio. 

Cashier  Second  National  Bank. 
Tompkins,  George  S  C.E.,  '96  .  .  .  .190  E.  17th  St.,  Brooklyn,  N.  Y. 

Inspr.  for  Mid.  States  Insp.  Bur.,  58  William  St.,  New  York. 
Torrance,  Chester  C  C.^.,  '99  ;  T^/.C^g".,  '00  Gowanda,  N.  Y. 

Graduate  Scholar,  Civil  Engineering,  Cornell  University. 
Torrance,  William  M  C.E,,  '95  Gowanda,  N.  Y. 

Asst.  Engr.,  Easton  &  Amboy  R.R.,  Lehigh  Div.,  L.  V.  R.  R.,  Easton  Pa. 
Towl,  Forrest  M  C.E.,  '86  ;  M.  Am.  Soc.  C.  E.,  M.  A.  S.  M.  E. 

Etigr.  Nat.  Transit  Co.,  26  Broadway,  New  York. 
Towle,  John  W  C.E.,  '94   .  Falls  City,  Neb. 

Gen.  Wes.  Agt.,  Canton  Bridge  Co.,  300  Bee  Bldg.,  Omaha,  Neb. 
Trautwine,  John  C,  3rd  ....  C.E.,  '00  .  .  .  iiii  Walnut  St.,  Philadelphia,  Pa. 

Truesdell,  Walter  E  C.E.,  '97  ;  M.  Conn.  As.  C.  E.  &  Sur.; 

Packerville,  Conn. 

Civil  Engr.,  608-611  Mutual  Reserve  Bldg.,  New  York. 
Trumbull,  William  C.      ...  C.E.,  '82  .  .  .  Gold  Basin,  Snohomish  Co.,  Wash. 
Truran,  Ernest  A  C.E.,  '95  .  .  .  156  Washington  St.,  Elmira,  N.  Y. 

Draftsman,  Elmira  Br.  Co.,  Ltd. 
Turneaure,  Frederick  E.  .  .  .  C.E.,  '89;  Assoc.  Am.  Soc.  C.  E.,  M.  W.  Soc.  E. 

Prof.  Bridge  and  San.  Engrg.,  Univ.  of  Wis.,  Madison,  Wis. 
Turner,  Ebenezer  T  C.E.,  '83   .  .  .    ....  Ithaca,  N.  Y. 

Observer,  U.  S.  Weather  Bureau. 
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Turner,  Horace  G  C.E.,  '92  Pope's  Mills,  N.  Y. 

Engr.  of  Const.,  Town  &  Wallace,  1016  Townsend  Bklg.,  New  York. 
Twining,  William  C>^.,  '90  E.  Mauch  Chunk,  Pa. 

Asst.  Engr.,  C.  R.  R.  of  N.  J.,  Jersey  City,  N.  J. 
Underbill,  Arthur  Ci5".,  '99  .   .  .  107  Harrison  Ave.,  Montclair,  N.  J. 

Asst.  to  C.  W.  Leavitt,  Jr.,  Landscape  Archt.  &  C.  E.,  15  Cortlandt  St.,  New 
York. 

Upjohn,  Richard  R  C.E.,  '80,  B.D.  .  296  Clinton  St.,  Brooklyn,  N.  Y. 

Priest. 

Vedder,  Herman  K   6'.^.,  '87. 

Professor  Math,  and  Civil  Eng.,  Agricultural  College,  Mich. 

Vedder,  Wellington  R  C.E.,'^i  Leeds,  N.  Y. 

.     Asst.  City  Engr.,  City  Hall,  Syracuse,  N.  Y. 
Vickers,  Thomas  McE  C.E.,  '90;  M.C.E.,  '91  ;  Assoc.  M.  Am.  vSoc.  C.  E. 

Engr.,  Dept.  of  Pub.  Wks.,  Bur.  of  Water,  137  N.  vState  St.,  Syracuse,  N.  Y. 

Vogleson,  John  A  C.E.,  '00  Columbiana,  O. 

Vose,  Walter  I  C.E.,  '92  Manville,  R.  I. 

Merchant. 

Wadswortb,  Joel  E  C.E.,  '90;  Assoc.  M.  Am.  Soc.  C.E.,  M.  S.  P.  E.  Ed. 

Asst.  Engr.,  Berlin  Iron  Br.  Co.,  Middletown,  Conn. 
Waesche,  George  E.  .  .  A.B.,  C.E.,  '95  Thurmont,  Md. 

Instructor,  Civil  Engrg.,  Purdue  Univ.,  Lafayette,  Ind. 
Wagner,  George  O  C.E.,  '00  .  160  N.  Pearl  vSt.,  Buffalo,  N.  Y. 

New  Steel  Works,  Buffalo. 
Wait,  John  C  C.E.,  '82,  M.C.E.,  '91,  LL.B.,  ;  M.  Am.  Soc.  C.  E. 

Counsr.  at  Law  (Eng.  and  Arch.  Jurisprudence),  220.  Broadway,  New  York. 
Wait,  Owen  A  C.E.,  '98. 

Draftsman,  Niagara  Falls  Power  Co.,  631  Erie  Ave.,  Niagara  Falls,  N.  Y. 
Wallhauser.  George  O  C.E.,  '96  .  .      .      602  E.  State  St.,  Olean,  N.  Y. 

Arkansas  Northern  Ry.,  Springfield,  Mo. 
Warner,  Monroe  Ci^".,  '88  Pulaski,  N.  Y. 

Supt.  Constr.,  Elect.  Rys.,  Sanderson  &  Porter  Co.,  Putnam,  Conn. 
Warriner,  Thomas  B  C.E.,  '93  ;  M.  la.  Eng.  Soc. 

Civil  Engineer,  Cedar  Rapids,  la. 
Warthorst,  Frank  W  C.E.,  '74  Rosedale,  Kern  Co.,  Cat. 

Warthorst  &  Co.,  Mfrs.  and  Quarrymen,  Masillon,  O. 
Washburn,  Frank  S.  C.E.,  '83  ;  M.  Am.  Soc.  C.E.,  M.  West.  Soc.  C.E. 

Nashville,  Teun. 
Wasson.  Charles  W  C.E.,  '74;  M.  Acad.  Sci. 

Principal  Graded  School,  Elmira,  N.  Y. 
Weatherson,  John  C.E.,  'g5,M.D.  .  .  3739  Prairie  Ave.,  Chicago,  111. 

Physician,  cor.  43rd  St.  and  Lake  Ave. 

Webb,  Walter  L  C.E.,  '84,  M.C.E.,  '89;  Assoc.  M.  Am.  Soc.  C.  ,E. 

M.  E.  CI.,  Phila. 

Asst.  Prof.  Civil  Engrg.,  College  Hall,  Univ.  of  Pa.,  Philadelphia,  Pa. 
Weed,  Addison  C.E.,  '79  New  Hartford,  N.  Y. 

Farmer,  North  Rose,  N.  Y. 
Welker,  Philip  A  C.E.,  '78  ;  M.  Nat.  Geog.  Soc.  .  Washington,  D.  C. 

Asst.  U.  S.  Coast  and  Geod.  Survey,  Commanding  U.  S.  S.  "Bache." 
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Wheelock,  Charles  B  C.E.,  '76  BoBton,  Mass. 

Insurance,  93  Water  St. 
Whelpley,  J.  R  C.E.,  '96  .  .  800  East  Cap.  St.,  Washington,  D.  C. 

Rodman,  Engr.  Dept.,  D.  C. 
Whiskeman,  James  P  C.E.,  '98  30  So.  4th  St.,  Reading,  Pa. 

Asst.  Engr.,  Ch.  Engr's.  Of.,  L.  &  N.  R.R.,  Louisville,  Ky. 
White,  Timothy  S  C.E.,  '73  ;  M.  Am.  Soc.  C.  E.,  M.  E.  Soc.  W.  Pa. 

Vice-President  and  Ch.  Engr.,  Penn.  Br.  Co.,  Beaver  Falls,  Pa. 

White,  Willard  O  C.E.,  '00  Blossvale,  N.  Y. 

Whitson,  Abraham  U  C.E.,  '99  Westbury  Sta.,  L.  I.,  N.  Y. 

Topo.  Drft.,  Board  Pub.  Impvts.  of  N.  Y.,  21  Jackson  Ave.,  Long  Island  City. 
Wick,  Richard  B  C.E.,  '81  Warren,  Ohio. 

Engr.  and  Treas.,  The  Miller  Const.  Co.,  Belington,  W.  Va. 
Wilcox,  Robert  B  C.E.,  '90  ...  .  285  W.  Adams  St.,  Chicago,  111. 

Engr.  in  Charge  of  Harbor,  City  of  Chicago,  325  City  Hall. 
Williams,  Chauncey  G.  .  .  .  C.E.,  '87;  Assoc.  M.  Am.  Soc.  C.  E. 

117  Montague  St.,  Brooklyn,  N.  Y. 
Williams,  Friend  P  C.E.,  '99  ...  .  703  W.  Sullivan  St.,  Olean,  N.  Y. 

Engrg.  Corps,  Pittsburg,  Shawmut  &  North.  R.R.,  Redlands,  Cal. 
Williams,  Sylvester  N.  .  .  .     C.E.,  '72  ;  M.  Soc.  Pro.  Engrg.  Ed.,  M.  I.  E.  Soc. 

Prof,  of  Civil  Engineering,  Cornell  College,  Mt.  Vernon,  la. 

Windsor,  Philip  B  C.E.,  '00  "  Echobank,"  Swains,  N.  Y. 

Wing,  Charles  B  C.E.,  '86  ;  Assoc.  M.  Am.  Soc.  C.E.,  M.  T.  Soc.  P.  Cst. 

Prof.  Structural  Engrg.,  Stanford  Univ.,  Palo  Alto,  Cal. 
Wing,  Frederick  K  C.E.,  '90;  Assoc.  M.  Am.  Soc.  C.  E. 

Civil  Engineer,  iii  White  Building,  Buffalo,  N.  Y. 
Wolfe,  Frank  C  C.E.,  '95  Union  Bridge,  Md. 

With  American  Bridge  Works,  40th  St.  and  Stewart  Ave.,  Chicago,  111. 
Works,  Norris  M  C.E.,  '97   Lima,  N.  Y. 

U.  S.  Sub.  Inspr.,  Buffalo  Breakwater  Const.,  iioo  Morgan  Building. 
Young,  Henry  A  C.E.,  '99  .  .  .     no  Ravine  Ave.,  Yonkers,  N.  Y. 

Transitman,  Tacon  3,  Dept.  of  Havana,  Havana,  Cuba. 
Zarbell,  Elmer  C.E.,  95  ;  Assoc.  M.  Am.  Soc.  C.  E.;  4132  Ellis  Ave. 

Asst.  Engr.,  Special  Comrs.,  Chic.  Drainage  Canal,  Chicago,  111. 
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DECEASED  MEMBERS. 


NAME. 

Ames,  Willis  C  C.E.,  '77 

Aylen,  Charles  P  C.E.,  '76 

Bueno,  Francisco  de  A.  V.  .  C.E.,  '76 
Carpenter,  Frank  DeY.  .  .  C.E.,  '73 

Clark,  Frank  B.  C.^".,  '96 

Clark,  Ira  E  C.E.,  '72 

Cook,  Isaac  N  C.E.,  'ys 

Cooper,  Edgar  H  C.E.,  '85 

Dobraluboff,  John  A,  .  .  .  C.E.,  '74 
Dodd,  Franklin  M.  G.  .  .  C.E.,  '90 
Doerflinger,  Augustus  .  .  C.E.,  '71 

Eidlitz,  Alfred  F  C.E.,  '76 

Farnhani,  Whitfield  ....  C.E.,  '71 
Ferguson,  Nicholas  C.  .  .  CE.,  '79 

Fitch,  William  R  C.E.,  '74 

Foster,  Reuben  B  C.E.,  '74 

Frost,  Frederic  W  C.E.,  '72 

Greene,  Almon  C  C.E.,  '75 

Gunner,  Daniel  W  C.E.,  '87 

Gibbs,  Harley  S  C^.,  '98 

Hallock,  E.  Allen  ....  C.E.,  '91 
Holbrook,  Ernest  M.  .  .  .  C.E.,  '89 

Hulse,  Howard  C  C.E.,  '91 

Landers,  Herbert  H.  .  .  .  C.E.,  '90 

Lyman,  George  F  C^.,  '73 

MacMullen,  Justus  C.  .  .  C.E.,  '76 

Preston,  Kolce   C^.,  '73 

Rogers,  Jesse  A  C.E.,  '91 

Sheldon,  Daniel  C  C.E.,  '83 

Shepard,  Frank  W  CE.,  '86 

Smith,  George  La  T.  .  .  .  C.E.,' 71 

Smith,  William  J  C.E.,  '79 

Stewart,  Neil,  Jr.  C.E.,  '87 

Tilley,  George  A  C.E.,  '73 

Tompkins,  John  H  C.E.,  '73 

Van  Cauteren,  Emile  A.  .  .  C.E.y  97 
Viegas-Muniz,  Joaquim  .  .  C.E.,  '77 
Wightman,  Willard  H.  .  .  C.E.,  '81 


RESIDENCE.  DATE  OF  DEATH- 

Whitney's  Point,  N.  Y.,  .  .  .  Feb.  23,  1894 

Aylmer,  Canada,  April,  1894 

Rio  de  Janerio,  Brazil,  ....  About  1881 
M.CE.,  '76  ;  Highland,  N.  Y.,  Dec.  19,  1883 

Fulton,  N.  Y.,  Oct.  29,  1899 

Weston,  Mass  May  23,  1882 

Jersey  City,  N.  J.,  May  7,  1885 

New  York  City,  Oct.,  1890 

Nijney  Novgorod,  Russia,  .  .  .  About  1882^ 

Franklin,  N.  J.,  Sept.  13,  1891 

Brooklyn.  N.  Y.,  Nov.  24,  1899 

New  York  City,  April  22,  1877 

M.C.E.,  '74;  vSt.  Louis,  Mo.,  .  April  13,  1895 

St.  Louis,  Mo.,  Sept.  22,  1896^ 

Ithaca,  N.  Y.,  April  14,  i886- 

M.C.E./77  ;  S.  Lake  Weir,  Fla.,Nov.7, 1895 

New  York  City,  Oct.  3,  1899 

Palmyra,  N.  Y.,  July  28,  1897 

Schagticoke,  N.  Y.,  Oct.  10,  1887 

Pittsburg,  Pa.,  Aug.  8,  1899 

Moriches,  N.  Y.,  April  13,  1900 

M.C.E.,  '90;  Ithaca,  N.  Y.,  .  Oct.  9,  1892 

Brooklyn,  N.  Y.,  Feb.  20,  1893. 

Green  Island,  N.  Y.   Feb.  4,  1893 

Tenafly,  N.  J.,  Dec.  25,  1880 

Unionville,  N.  Y.,  Jan.  31,  1888 

Wilmington,  Del.,  Jan.  4,  1876 

Evans  Mills,  N.  Y.,  April  24,  1897 

Delphi,  N.  Y.,  Oct.  2,  1893. 

Medina,  O.,  Feb.  10,  1892 

M. C.E.,'74;  Canandaigua,N.Y. ,June 25, 1892 

Charleston,  N.  Y.,  Dec.  3,  1886 

York,  N.  Y.,  March  30,  1891 

Washington,  D.  C,  .  .  .  .  March  14,  1877 

Poughkeepsie,  N.  Y.,  July,  1879- 

Pringy ,  Seine-et-Marne,  France,  July  4,  1899 

Piracicaba,  Brazil,  About  1883 

Ashland,  Ore.,  Oct.  29,  1889 


In  Me?noriam. 


XXXV 


IN  MEMORIAM. 


Augustus  Doerflingkr,  C.E.,  '71. 

Augustus  Doerflinger,  C.E.,  was  a  descendant  of  an  old  German 
family,  for  several  generations  resident  in  Lorraine,  France.    He  was 
born  in  Baden,  Germany,  in  1845,  and  came  to  this  country  with  his 
parents  when  three  years  of  age. 

He  was  graduated  from  Cornell  University  in  '71,  and  in  the  same 
year  entered  the  Engineer  Corps  of  U.  S.  Army  as  Assistant  Engineer. 
The  greater  part  of  his  professional  career  was  spent  in  this  ser- 
vice. He  was  stationed  at  the  New  York  office  and  from  '71  to  '77 
was  engaged  principally  upon  the  improvements  of  the  East  River. 
This  included  the  celebrated  destruction  of  the  reefs  at  Hell  Gate.  To- 
gether with  the  late  J.  H.  Streitinger,  also  a  U.  S.  Assistant  Engineer, 
he  devised  the  arrangements  which  resulted  in  the  successful  disrup- 
tion of  the  reef  at  Hallet's  Point  on  September  24,  1876.  For  this 
work  they  received  a  gold  medal  of  honor  from  the  government  of 
France  and  a  decoration  from  the  Belgian  government.  Subsequently 
he  was  occupied  in  the  engineering  works  on  the  approaches  to  New 
York  Harbor.  Among  these  were  the  widening  and  deepening  of  the 
Gedney  and  main  ship  channels,  and  the  preservation  of  the  beach  at 
Sandy  Hook  from  the  encroachment  of  the  sea.  Later  he  was  the 
engineer  officer  locally  in  charge  of  the  batteries  at  Fort  Hamilton,  and 
was  then  assigned  to  the  improvements  of  the  Harlem  River.  He  was 
continuously  engaged  upon  this  work,  culminating  in  the  opening  of 
the  ship  canal  in  1895. 

After  the  cessation  of  the  work  on  the  Harlem  ,  Mr.  Doerflinger  en- 
gaged in  the  general  supervision  and  study  of  the  many  problems 
which  presented  themselves  at  the  Engineer  office  in  New  York.  He 
was  connected  as  consulting  engineer  with  the  construction  of  many  of 
the  modern  buildings  of  the  city  and  had  the  privilege  of  contributing 
his  services  as  the  engineer  for  the  building  of  the  Grant  Memorial  on 
Riverside  Heights.  Later  the  first  projects  for  the  great  35  foot  ship 
channel  from  the  Narrows  to  the  sea  were  in  his  charge.  Participation 
in  the  active  work  of  this  great  undertaking  was  prevented  by  his 
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illness  which  resulted  in  his  death,  November  24,  1899,  at  the  age 
of  fifty-four. 

Mr.  Doerflinger  was  a  man  of  retiring  habits  and  extreme  modesty. 
His  interests  were  all  centered  in  his  home  and  his  work.  He  was 
highly  esteemed  by  all  with  whom  he  capie  in  contact,  and  all  who 
knew  him  will  voice  the  words  of  General  I^udlow,  Military  Governor 
of  Havana,  who  wrote — "Will  you  take  occasion  to  present  to  Mr. 
Doerflinger's  family  and  personal  friends  the  very  sincere  regret  I  feel 
in  reading  a  notice  of  his  death  and  an  expression  of  my  very  high 
appreciation  of  his  personal  character  and  professional  attainments  and 
services.  I  knew  him  long  and  well  and  no  one  stood  higher  in  my 
esteem  and  regard." 


Frederick  William  Frost,  B.C.E.  '72. 

Our  alumni  has  suffered  a  heavy  loss  by  the  death  of  Frederick  W. 
Frost  at  Seattle,  Wash.,  October  3,  1899.  He  was  making  his  fifth 
trip  to  Alaska  to  examine  some  mining  interests,  when  he  was  sud- 
denly taken  ill  at  Seattle.  This  illness  proved  fatal  and  the  post- 
mortem revealed  an  aneurism  of  the  aortic  artery. 

Mr.  Frost  was  born  in  Springfield,  Mass.,  Jan.  8,  1852.  He  gradu- 
ated from  the  High  School  when  14  years  old  and  after  being  in  busi- 
ness in  his  native  city  for  two  years,  entered  Cornell  with  the  Class  of 
'72.  After  graduation  he  served  three  years  on  canal  location  in  Mary- 
land, Pennsylvania  and  Virginia  and  three  years  in  the  surveying  divi- 
sion of  the  U.  S.  General  Land  Office.  Later  he  located  the  boundary 
line  between  Dakota  and  Wyoming,  and  as  principal  assistant  engineer 
under  the  U.  S.  Engineer  Corps  he  made  surveys  from  Norfolk  Har- 
bor, Va.,  through  the  Dismal  Swamp  of  Virginia  to  Cape  Fear  River, 
N.  C.  For  seven  years  he  was  special  assistant  engineer  on  the  con- 
struction of  the  Croton  Aqueduct,  in  connection  with  this  work  he 
devised  a  good  practical  formula  for  computing  the  flow  of  water 
described  in  his  valuable  paper  entitled  * '  The  Flow  of  Water  in 
the  New  Croton  Aqueduct."  Other  work  on  which  he  was  en- 
gaged included  a  season's  work  in  railroad  construction  on  the 
Panhandle  of  Texas,  a  professional  visit  to  the  Panama  Canal, 
Assistant  Engineer  in  Department  of  Public  Works,  New  York 
City,  a  year  at  the  Brooklyn  Dry  Dock,  sinking  the  iron  columns  for 
Atlantic  City  Promenade  by  hydraulic  jet,  and  at  the  time  of  his  death 
in  promoting  the  development  of  Alaskan  interests.     Mr.  Frost  was 
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honored  by  being  selected  from  over  a  thousand  applicants  to  receive 
the  offer  of  the  position  of  division  engineer  from  the  Nicaragua  Canal 
Commission,  his  Alaskan  trips  prevented  his  accepting. 

From  the  above  it  will  be  seen  that  Mr.  Frost  lived  a  very  active  and 
useful  life.  That  his  worth  was  recognized  by  the  engineering  profes- 
sion is  shown  by  the  report  of  the  Board  of  Expert  Engineers  on  the 
New^  Croton  Dam,  specially  commending  "  Mr.  Frederick  W.  Frost, 
C.E.,  for  the  computations  made,  involving  an  immense  amount  of 
mathematical  work  which  has  been  most  faithfuUv  and  intelligently 
performed  by  him." 

Mr.  Frost  w^as  married  in  1881  to  Miss  E.  Olivia  Ford  of  Norfolk, 
Va.  His  widow  and  two  children,  Frederick  W.,  Jr.  and  Florence  E., 
survive  him,  and  to  them  we  extend  our  sympathy. 


Elijah  Allen  Hallock,  C.E.,  '91. 

E.  A.  Hallock  was  born  at  Moriches,  Eong  Island,  in  1871.  After 
preparing  at  Prof.  Hallock' s  Eiterary  and  Commercial  Institute  at 
Bridgehampton,  E.  I.,  he  entered  Cornell  with  the  Class  of  '91,  when 
but  sixteen  years  of  age.  After  graduation  he  accepted  a  position  with 
the  Penn.sylvania  Bridge  Co.  of  Beaver  Falls,  Pa.  After  a  few  months 
he  contracted  typhoid  fever,  and  had  to  leave.  The  following  spring 
he  secured  a  position  with  the  Massillon  Bridge  Co.,  of  Massillon,  O. 
In  the  summer  of  1894,  he  married  Miss  Bertha  L.  Merwin.  In  the 
fall  of  1896,  he  held  a  position  in  Springfield,  Mass.,  but  consider- 
ation for  his  wife's  health  induced  him  to  surrender  it  and  go  south  to 
live.  In  the  fall  of  1898,  both  being  in  poor  health,  they  went  to 
Colorado.  The  continuation  of  poor  health  induced  them  to  return 
home  in  March,  1899.  He  survived  the  trip  but  three  weeks,  and  his 
wife  died  three  weeks  later.  They  leave  a  son,  Merwin  Fanning,  three 
years  of  age. 

Mr.  Hallock's  life  was  remarkable  for  the  fortitude  with  which  he 
passed  through  most  bitter  and  trying  ex:periences,  and  the  persistence 
of  his  ambition  to  rise  in  his  chosen  profession.  Despite  all  his  sick- 
ness, he  was  very  successful,  and  was  frequently  promoted.  His  phy- 
sician writes,  "  I  was  much  impressed  with  his  great  fortitude,  and 
resignation  to  an  inevitable  end."  Our  deepest  sympathy  is  extended 
to  his  widowed  mother. 
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Frank  Berry  Clark,  '96. 

The  friends  of  Frank  Berry  Clark,  were  shocked  to  learn  of  his  sad 
drowning-  while  on  the  Isthmian  Canal  Survey  on  October  29,  1899. 

Mr.  Clark's  preparatory  education  was  received  at  Westport  High 
School,  where  he  graduated  in  1891.  That  year,  by  competitive  ex- 
amination, he  procured  a  State  Scholarship  and  entered  Cornell  Univer- 
sity with  the  Class  of  '95,  but  owing  to  illness  was  obliged  to  leave 
College  in  the  early  part  of  the  Winter  Term. 

Mr.  Clark  had  chosen  for  his  profession  Civil  Engineering  and  so 
entered  again  in  1892  and  took  his  degree  with  the  Class  of  '96.  Mr. 
Clark's  work  in  College,  like  everything  else  he  did,  was  thorough, 
conscientious,  methodical. 

Shortly  after  graduation,  Mr.  Clark  married  Miss  Mamie  Kimber  of 
Fulton,  New  York,  who  was  also  graduated  with  the  Class  of  '96. 

For  two  summers  before  and  one  after  graduation,  Mr.  Clark  was 
surveying  in  the  Adirondacks  under  Mr.  Verplank  Colvin,  where  he 
received  steady  promotion.  He  also  spent  two  successful  years  on  the 
Erie  Canal,  leaving  with  the  termination  of  this  work. 

Last  August  he  received  a  position  on  the  Isthmian  Canal  Survey, 
only  to  lose  it  by  death  in  two  short  months.  But  that  in  this  brief 
period  Mr.  Clark's  ability  and  worthy  qualities  had  made  themselves 
felt,  is  shown  by  the  following  letter  : 

"  Greytown  Headquarters,  Nov.  21st,  1899. 

By  order  of  the  President  of  the  Isthmian  Canal  Commission,  dated 
the  27th  of  October,  1899,  Mr.  Frank  B.  Clark  was  promoted  to  the 
grade  of  Senior  Assistant  Engineer,  the  promotion  to  date  from  Oc- 
tober I  St,  1899. 

Although  a  deplorable  accident  caused  the  death  of  Mr.  Clark  on 
the  29th  of  October,  the  deceased  officer's  estate  will  of  course  receive 
the  increased  salary  for  October  ;  and  this  matter  is  published  especially 
that  it  may  be  known  that  Mr.  Clark's  great  worth  was  appreciated  by 
the  Isthmian  Canal  Commission  and  by  those  with  whom  he  worked. 

J.  Imbrie  Miller, 
Chief  Engineer  of  Surveys. ' ' 
The  death  of  Mr.  Clark  means  the  loss  of  a  loyal  Cornellian,  a  true 
friend  and  a  noble  man. 
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Harlky  Stuart  Gibes,  C.E.,  '98. 

Harley  Stuart  Gibbs,  died  in  Pittsburg,  Pa.,  August  9,  1899.  His 
fellow  classmates  and  professors  will  remember  him  as  a  remarkable 
student,  and  a  noble  fellow.  He  took  an  active  part  in  the  Civil 
Engineering  interests  of  the  University,  and  was  elected  President  of 
the  Association  of  Civil  Engineers. 

He  was  born  May  7,  1876,  in  Milan,  Ohio.  Three  years  later  his 
family  moved  to  Kansas,  where  he  received  a  public  school  education. 
In  1892  the  family  moved  to  Elmira,  N.  Y.  After  spending  two  years 
at  the  Elmira  Academy  he  obtained  a  Cornell  University  State  Scholar- 
ship, passing  the  examinations  with  the  highest  average  attained  in  the 
state.  His  ability  was  evident  from  the  first,  and  as  the  reward  of 
the  high  standard  of  his  work  maintained  during  the  freshman  and 
sophomore  years,  he  received  the  Horace  Greeley  Scholarship.  In  the 
senior  year  he  was  admitted  to  Sigma  Xi,  and  also  received  the  Fuertes 
medal. 

After  graduating  he  accepted  a  position  in  Pittsburg,  with  John 
Ostrom,  a  bridge  engineer  and  contractor.  After  a  short  year  of  service 
in  this  position,  in  which  he  demonstrated  his  ability  as  a  practical 
engineer  as  well  as  a  student,  he  contracted  typhoid  fever,  and  died 
after  an  illness  of  two  weeks.  Such  is  the  brief  history  of  a  brilliant 
student,  a  true  friend,  and  a  noble  man. 


CONSTRUCTION  PLANT,  Etc. 


SNOQUALMIE  FALLS  POWER  TRANSMISSION. 


CHARLES  H.  BAKER,  C.  U.  '86.  PRESIDENT  OF  SNOOUAI.MIE  FALLS  POWER 

COMPANY. 

At  the  apex  of  an  isosceles  triangle  having  for  its  base  a  straight 
line  drawn  through  the  cities  of  Tacoraa,  Seattle  and  Everett,  with 
Seattle  midway,  is  situated  the  famous  Snoqualmie  Cataract.  (See 
accompanying  map.)  About  twenty-five  miles  back  from  the  shores 
of  Puget  Sound  in  the  foot-hills  of  the  Cascade  Mountains,  this  mag- 
nificent spectacle  in  nature  has  for  years  attracted  the  sightseer,  but 
the  utilitarian  saw  no  beauty  in  the  picture  until  the  long  distance 
transmission  of  power  by  electricity  became  possible.  This  waterfall 
and  the  adjacent  land  on  both  sides  of  Snoqualmie  River  were  pur- 
chased by  the  writer  in  the  fall  of  1897.  Early  in  1898  the  writer 
organized  the  Snoqualmie  Falls  Power  Co.,  and  soon  after  a  heavy 
construction  plant  consisting  of  large  boilers,  steam  hoisting  machinery 
and  a  ten  drill  air  compressor  plant  was  installed  at  Snoqualmie  Falls 
at  the  site  of  the  proposed  head  works.  The  first  drill  began  operating 
April  17th,  1898,  and  thereafter  the  work  was  prosecuted  day  and 
night  and  Sundays  until  the  work  was  finally  completed.  It  has  been 
of  incalculable  advantage  to  the  company  having  the  Seattle  &  Inter- 
national Railway  pass  within  fifty  feet  of  the  works.  A  heavy  trestle 
was  constructed  spanning  the  railway,  upon  which  a  steel  carrier  is 
operated,  by  which  means  all  the  heavy  machinery  was  lifted  from  the 
cars  and  transferred  to  the  works. 

The  first  water  wheel  and  generator  were  in  actual  operation  and 
delivered  current  into  Seattle  on  the  evening  of  July  31,  1899,  and  into 
Tacoma,  November  i,  1899.  This  event  marked  the  successful  com- 
pletion of  a  project  which  throughout  had  been  unattended  by  any 
fatality  or  serious  accident. 

Original  Features. — The  design  and  execution  of  this  plant  is  replete 
with  original  features,  never  before  exploited  in  power  transmission, 
conspicuous  among  them  being  : 

1.  Subterranean  power  house. 

2.  Snoqualmie  Cycloidal  Water  Wheel,  a  very  eflScient  water  motor. 

3.  Use  of  aluminum  wire  in  long  distance  transmission. 

The  successful  completion  and  operation  of  the  plant  has  demon- 
strated the  entire  merit  of  the  boldest  features. 


2  Association  of  Civil  Engineers  of  Cornell  University . 


WATERSHED. 

The  Snoqualmie  watershed  has  an  individuality  peculiar  to  itself, 
which  accounts  for  the  large  low  water  flow  of  the  river  as  compared 
with  other  rivers  on  the  western  slope,  the  relative  sizes  of  the  drainage 
areas  being  taken  into  account. 

Reco7inaissance. — The  Power  Company,  in  the  early  stages  of  its 
operation,  placed  a  party  in  the  field  for  the  purpose  of  exploring  this 
watershed  with  a  view  of  determining  its  hydrographic,  geological, 
geographical,  aud  meteorological  features. 


S^ioqualmie  Falls  Power  Transmission. 
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Geography. — The  main  Snoqualmie  River  is  formed  by  three  large 
forks  originating  at  the  summits  of  the  Cascade  Mountains  and  flowing 
westward  to  the  point  of  confluence  about  three  miles  above  Sno- 
qualmie Falls.  These  rivers  have  their  origin  in  the  regions  of  per- 
petual snow^  and  ice  and  are  fed  by  tributary  streams  which  also  orig- 
inate in  lofty  regions,  so  that  the  water  is  impounded  upon  the  water- 
shed in  the  shape  of  snow  and  ice,  which  serves  to  feed  the  river  during 
the  period  of  its  lowest  flow,  in  the  hot  and  dry  months  of  August  and 
September.  The  entire  watershed  above  the  Falls  is  high  in  altitude. 
Beginning  with  the  top  of  the  Falls  itself,  which  is  about  600  feet  above 
sea  level,  it  slopes  eastward  and  upward  towards  the  mountain  summits 
where  the  elevation  averages  a  height  of  8000  feet. 

RaijifalL — The  rainfall  in  this  region  is  about  three  times  that  of 
the  district  immediately  about  the  Sound,  where,  at  Seattle  for  instance, 
the  rainfall  is  37  inches  as  against  about  90  inches  at  the  Falls.  The 
meteorological  reports  show"  that  the  annual  rainfall  increases  as  the 
crest  of  the  mountains  is  approached.  The  major  part  of  the  precipita- 
tion occurring  in  the  Winter  appears  as  snow,  which  melting  away  in 
the  drier  Summer  months  sustains  a  very  considerable  low  water  flow. 

Disappearing  Rivers. — The  Company's  explorers  also  noted  the  fact 
that  the  streams  tributarj^  to  the  forks  of  the  main  river  disappear  in 
the  ground  in  some  instances  and  come  to  the  surface  again  in  perhaps 
a  half  a  mile  or  more.  This  physical  characteristic  of  the  watershed  in 
having  disappearing  rivers  sets  forth  the  condition  as  that  of  a  sponge, 
holding  back  in  some  measure  the  rainfall  only  to  let  it  down  during 
the  dry  season  and  period  of  low  flow.  The  area  of  this  watershed  is 
not  over  600  square  miles  and  yet  the  river  at  the  Falls  runs  from  1,000 
cubic  feet  a  second  at  its  lowest  stage  to  ten  times  that  at  its  average 
stages.  A  river  in  the  Mi.ssissippi  Valley  would  require  a  watershed  of 
ten  times  this  area  to  produce  an  equal  flow,  which  emphasizes  the  fact 
that  the  Snoqualmie  River  is  remarkable  for  the  amount  of  its  dis- 
charge. 

Impounding  Reservoirs. — With  so  much  water  going  to  waste  the 
idea  is  naturally  suggested  that  means  might  be  devised  for  equalizing 
the  flow  of  the  river  and  increasing  the  low  water  discharge.  This 
suggestion  finds  its  answer  immediately  in  the  researches  of  the  explor- 
ing party  who  have  found  large  lakes  and  natural  reservoirs  in  the 
mountains,  which  can  be  dammed  at  small  cost,  so  that  the  water  im- 
pounded during  the  flood  seasons  can  be  let  down  during  the  dry 
months  of  August  and  vSeptember.  The  largest  of  the  lakes  are  Lake 
Hancock  and  Lake  Calligan.    Although  the  water  reaches  as  low  a 
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stage  at  the  Falls  as  30,000  H.P.,  the  Company  will  be  able  to  secure  a 
uniform  flow  throughout  the  year  of  100,000  H.P.,  by  the  utilization 
of  the  natural  storage  basuis  referred  to.  The  power  could  be  consider- 
ably augmented  beyond  this  figure,  if  at  some  future  time  the  industries 
of  Seattle  and  Tacoma  and  other  neighboring  cities  should  require  it, 
by  the  erection  of  a  dam  fifty  feet  high  at  the  Falls.  In  this  way  a 
lake  can  be  impounded  behind  the  Falls  about  fifteen  miles  in  area  and 
of  an  average  depth  of  twenty-five  feet,  which,  in  addition  to  the  moun- 
tain storage,  would  increase  the  Company's  ability  to  develop  power 
throughout  the  year  to  perhaps  200,000  H.P.  Probably  at  some  remote 
geological  time,  a  lake,  such  as  has  been  suggested,  was  actually  in 
existence  behind  Snoqualmie  Falls,  but  it  has  been  drained  during  the 
process  of  years  by  the  wearing  away  of  the  rocky  river  bed  and  the 
lowering  of  the  precipice  over  which  the  river  leaps  and  forms  the 
cataract.  Snoqualmie  River  does  not  freeze  so  that  floating  ice  and 
anchor  ice  are  unknown. 

Preliminary  Investigations. — One  of  the  first  studies  was  to  de- 
termine the  geological  formations  at  the  Falls  as  a  determining  factor 
in  the  choice  of  plans  of  development,  and  to  ascertain  the  character 
and  volume  of  flow.  The  exposed  rock  surface  in  the  vicinity,  includ- 
ing the  railroad  cuts,  faces  of  cliffs,  and  dry  river  banks,  were  care- 
fully examined.  It  developed  that  a  rock  uplift,  narrow  in  an  east  and 
west  direction,  extended  north  and  south  crossing  the  river  at  the  site 
of  the  Falls  and  disappearing  at  the  east  within  one  fourth  mile.  The 
rock  proved  to  be  basaltic  and  of  volcanic  origin  with  no  set  cleavage, 
hard  and  non-absorbent,  and  apparently  seamed  off  into  great  indi- 
vidual ledges.  These  conditions  led  to  the  original  underground  plan 
of  development  referred  to  later. 

Measnreme7it  of  Flow. — A  topographical  survey,  accurate  in  detail 
was  made  covering  a  radius  of  a  quarter  of  a  mile  from  the  P'alls  and 
including  the  river  bottom.  At  the  same  time  guages  were  set  at  con- 
venient intervals  above  and  below  the  falls,  to  determine  the  elevations 
of  the  river  at  the  various  points  at  all  times,  and  to  establish  the  slopes 
at  the  various  levels.  These  guages  have  been  read  three  times  daily 
so  that  the  company  has  an  accurate  history  of  the  river  for  the  past 
two  years,  from  its  own  records  in  addition  to  less  elaborate  data  for 
several  years  preceding  from  other  sources.  A  clever  cut  and  uniform 
cross-section  of  the  river  is  obtained  about  one  quarter  mile  above  the 
falls,  at  which  point  the  company  established  a  station  for  measuring 
the  velocity  of  the  river  at  all  stages  of  water.  An  exhaustive  series 
of  accurate  measurements  has  been  made  here  with  a  current  meter. 
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Compiling  the  data  thus  acquired  and  letting  y  =  elevation  of  river, 
X  =  discharge  (cu.  ft.  per  sec.)  we  find  the  law  of  the  river  to  be  a 

parabola  with  the  following  equation  ;  x  —  ^  106.8  j/  -h  285 1.6 

.01 

The  river  runs  pure  and  crj^stalline  at  the  Falls,  except  in  a  freshet 
when  it  carries  some  silt  gathered  from  the  valley  immediately  behind. 
White  cla}"  dissolved  in  the  water  is  carried  by  the  river  at  times. 
Freshets  occur  generally  in  November  and  June,  the  former  due  to 
excessive  rainfall  prevalent  at  that  season,  and  the  latter  to  the  melting 
snows  in  the  mountains.  The  river  fluctuates  between  the  high  and 
low  w^ater  stages  throughout  the  year,  with  minor  freshets  interspersed, 
but  the  big  flood  precedes  the  dry  season  very  closely,  so  that  storage 
for  a  greater  plant  would  not  have  to  be  long  maintained. 

Meteorological  Station . — A  daily  record  of  rainfall,  barometer,  tem- 
perature and  all  conditions  of  weather,  is  kept  by  the  company  at 
Snoqualmie  Falls,  and  is  reported  to  the  U.  S.  Weather  Bureau  at 
Seattle. 

HEAD  WORKS. 


Shaft,  Cavity  aiid  Tiumel — The  hydraulic  plan  is  simple  and  yet 
original.  About  300  feet  back  from  the  brink  of  the  falls,  a  shaft  10  ft. 
by  27  ft.  in  cross  section,  has  been  sunk  in  the  bed  of  the  river  on  the 
south  side  and  descending  270  feet  to  the  level  of  the  river  below 
the  falls.  Concurrent  with  the  beginnnig  of  the  shaft  above  the  falls, 
a  tunnel  12  ft.  by  24  ft.  with  a  slope  of  2  feet  in  its  length  was  drifted 
in  from  the  face  of  the  ledge  below  the  falls,  to  an  intersection  with 
the  shaft  a  distance  of  650  feet.  Beginning  at  the  shaft  and  extending 
over  and  along  the  tunnel,  a  chamber  200  feet  in  length,  40  feet  wide 
and  30  feet  high,  with  the  floor  at  the  elevation  of  high  water  below 
the  falls,  was  excavated  out  of  the  solid  rock,  and  this  cavity,  nearly 
300  feet  below  the  surface  of  the  earth,  is  the  machinery  room  in 
which  the  water  wheels  and  electric  generators  have  since  been  in- 
stalled. At  average  stages  of  the  river  the  tunnel  is  submerged  about 
two-thirds  of  its  depth,  while  during  flood  seasons  it  is  entirely  sub- 
merged. The  tunnel  extends  under  the  floor  of  the  cavity,  forming  a 
tail  race  with  a  concrete  roof.  The  water  is  carried  down  the  shaft  in 
a  steel  pipe  which  terminates  in  a  horizontal  steel  pipe  or  receiver,  and 
thence  through  water  wheels  into  the  tail  race. 

The  walls  of  the  chamber  have  been  left  rough  and  whitewashed, 
while  the  floor  has  been  concreted.  Five  hundred  incandescent  lamps 
are  used  to  light  the  shaft,  chamber  and  tunnel. 
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This  cavity  is  ventilated  by  natural  draft  through  the  tail  race  and 
up  the  shaft,  which  is  so  strong  that  it  has  to  be  curbed.  The 
cavity  is  cool  and  perfectly  dry,  the  temperature  remaining  the  same 
throughout  the  year.  This  low  and  constant  temperature  contributes 
to  higher  efficiency  in  the  generators  and  consequently  a  greater  H.P. 
output.  Here  is  a  power  house  that  needs  no  fire  insurance,  and 
where  there  is  no  depreciation  ;  while  it  is  free  from  the  frozen  spray 
that  clings  in  great  icicles  to  the  trees  and  cliffs  in  winter  near  the 
falls. 

Intake. — The  water  is  delivered  from  the  river  through  an  intake 
constructed  of  concrete  masonry,  the  walls  of  which  are  six  feet  in 
thickness  and  25  feet  high,  resting  on  the  native  rock.  This  bay  is 
protected  from  the  river  by  a  steel  girder  construction,  bearing  against 
the  outside  and  center  masonry  piers,  and  supporting  a  heavy  grating 
of  timbers  from  pier  to  pier  across  the  opening  of  the  intake.  These 
timbers  being  12X12  stringers,  are  laid  horizontally  with  twelve  inch 
spaces  between  them,  through  which  the  water  flows  into  the  intake. 
This  timber  grating  protects  the  works  from  floating  trees  or  logs, 
while  just  inside  the  intake  are  heavy  steel  wire  screens  of  tw^o  inch 
mesh  hung  from  the  diagonal  steel  girders,  which  serve  to  stop  any 
smaller  debris  from  entering.  All  concrete  was  made  of  the  rock  ex- 
cavation run  through  a  stone  crusher,  and  of  river  gravel,  mixed  with 
Portland  cement  and  laid  in  six  inch  layers. 

Protective  Boom. — A  rudder  boom  300  feet  in  length  is  moored  up 
stream  on  the  intake  side  of  the  river  and  reaches  past  the  intake.  By 
turning  the  capstan  at  the  head  of  the  boom,  the  rudders  are  thrown 
out  which  causes  the  boom  to  swing  out  into  midstream  and  serve  as  a 
fender  for  floating  logs,  etc.  The  river  is  150  feet  wide  from  the 
headbay  to  the  opposite  shore  and  about  fifteen  feet  deep  at  ordinary 
stages  and  flows  ten  feet  a  second.  The  floor  of  the  intake  is  on  a  sub- 
merged reef  and  is  about  five  feet  higher  than  the  river  bed. 

Dam. — A  concrete  dam  placed  diagonally  across  the  river  from  the 
down  stream  pier  of  the  headbay  to  the  opposite  shore  will  be  built  at 
the  next  low  water  season  and  will  have  a  length  of  about  400  feet  in 
order  to  give  a  long  crest  and  so  avoid  the  backing  up  of  flood  waters. 
This  dam  which  will  be  entirely  submerged  will  raise  the  river  level  at 
the  intake  six  feet  and  will  permit  of  a  better  inflow,  besides  equalizing 
the  daily  flow  of  the  river  during  the  period  of  extreme  low  water. 

Penstock. — A  steel  penstock  7^  feet  in  diameter  rises  through  the 
excavated  shaft  to  the  bottom  of  the  intake,  the  top  or  expansion  joint 
of  which  is  made  tight  with  the  rock  walls  of  the  shaft  with  concrete 
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grout,  so  that  a  water  tight  roof  is  afforded  to  the  shaft  leaving  the 
only  escape  for  the  water  down  through  the  penstock.  A  steel  bulk- 
head 8  X  ID  feet  rises  beside  the  penstock,  and  behind  the  center  pier, 
through  the  intake  and  water  to  the  open  air  above  and  connecting  with 
the  shaft  space  below,  and  this  bulkhead,  surmounted  by  a  neat  little 
house,  is  the  front  door  of  the  subterranean  power  house.  Through  it 
the  elevator  travels  for  convenience  in  the  operation  of  the  works 
and  through  it  the  electric  conductors  ascend.  The  penstock  descends 
250  feet  until  the  cavity  is  reached  where  it  makes  a  right  angle  turn 
to  a  horizontal  position,  and  enlarges  to  a  diameter  of  10  feet,  reducing 
again  to  8  feet  at  its  end  section,  which  horizontal  construction  is  known 
as  the  receiver. 

Receiver. — The  receiver  and  lower  half  of  the  pen.stock  are  made  of 
rolled  steel,  eight  foot  plates  i  incli  thick.  The  upper  half  of  the  pen- 
.stock is  made  of  plates  inch  thick  at  bottom  and  inch  at  top. 
The  whole  construction  is  caulked  bottle  tight.  The  receiver  lies  upon 
a  rock  bench  left  in  tlie  cavity  along  its  north  margin  rising  12  feet 
above  the  cavity  floor.  Tlie  penstock  and  receiver  weigh  450,000 
pounds,  and  the  water  column  in  the  pen.stock  weighs  340  tons.  The 
shaft  was  excavated  to  carry  two  penstocks  (in  view  of  doubling 
capacity)  leaving  room  for  the  elevator  to  travel  between  them,  as  well 
as  space  for  the  outgoing  electric  conductors.  The  elevator  is  operated 
hydraulically,  through  this  central  .space  the  heavy  water  wheels  and 
generators  were  lowered  to  the  power  house  below.  The  receiver 
branches  at  four  points  along  its  length  with  four  foot  openings  ;  each 
branch  being  opened  or  closed  by  a  Rensaelaer  valve  weighing  23,000 
lbs.  Incidentally  it  ma}'  be  remarked  that  these  are  the  largest  valves 
in  the  world  operated  under  so  great  a  pressure.  Each  branch  is  con- 
nected by  a  large  ca.st  iron  elbow  bending  downward  and  connected 
with  a  3,000  H.P.  Snoqualmie  Water  motor  resting  upon  the  rock  floor 
of  the  cavity  below,  under  which  the  tailrace  extends  the  entire  length, 
to  receive  the  discharge  from  the  motors.  Each  water  motor  is  directly 
connected  with  a  1,500  K.W.  Westinghouse  tri-pha.se  generator.  The 
current  pa.sses  from  the  generators  to  the  marble  switchboard,  and 
ascends  the  shaft  on  cables  of  twisted  aluminum  wires  to  the  trans- 
former house  above  at  a  voltage  of  1,000.  There  is  also  a  24  inch 
branch  from  the  receiver  giving  outlet  for  water  to  operate  exciter 
motors  ;  and  also  sundry  small  outlets  for  miscellaneous  purpo.ses. 

Snoqualmie  Cycloidal  Water  Motors. — The  Snoqualmie  water  motor 
(see  figure)  is  the  invention  of  Mr.  T.  T.  Johnston,  C.E.,  of  Chicago, 
and  embodies  the  principle  of  the  rotary  pump.    The  moving  parts  of 
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the  motor  are  supported  upon  a  heavy  base  frame  (//)  8x15  feet,  raising 
them  five  feet  from  the  floor.  Two  shafts  (A")  lying  parallel  and  each 
having  a  three  lobed  cycloidal  impeller  (iV)  at  its  center,  revolve  in 
the  journal  bearings  supported  b}^  the  base  in  such  a  position  that 
the  impellers  interlock.  The  revolving  impellers  are  enclosed  in  a  cast 
iron  case  (G)  close  fitting  to  the  moving  parts,  the  under  part  of  which 
is  open  to  the  tail  race  to  discharge  the  water,  and  the  upper  part  is 
open  to  receive  the  water.  The  interlocking  lobes  fit  to  themselves  and 
to  the  enclosing  case,  so  nicely,  that  no  water  can  pass  through  the 
motor  without  setting  the  impellers  in  motion,  and  following  them  in 
the  recurring  spaces.  The  two  shafts  supporting  these  impellers  are 
geared  together  outside  of  the  case  at  both  ends,  and  the  elongation  of 
one  of  these  shafts  delivers  the  power  to  the  generator  to  which  it  is 
connected.  Each  impeller  shaft  is  15  feet  long,  16  inches  in  diameter 
and  weighs  15,000  lbs.,  while  the  motor  assembled  weighs  about  50 
tons.  Nothing  simpler  can  be  conceived,  and  due  to  its  low  cost  and 
high  efiiciency,  engineers  predict  for  this  water  engine,  now  working 
in  the  bowels  of  the  earth  at  Snoqualmie  Falls,  a  bright  and  successful 
future.  The  motor  revolves  with  a  speed  of  300  revolutions  per 
minute  and  has  a  capacity  of  3000  H.  P.  in  the  water  column.  The 
efficiency  of  a  much  smaller  motor  of  the  same  design  was  found  by 
test  to  be  90  per  cent.  It  is  estimated  that  for  a  motor  of  this  size  the 
efficiency  would  fall  to  about  80  per  cent.  It  is  simple  in  construction, 
cheaply  built  and  can  be  designed  for  any  head.  Draft  tubes  connected 
with  the  motors,  descend  into  the  tailrace,  thus  securing  advantage  of 
the  additional  suction  head, — about  17  feet,  so  that  the  entire  available 
head,  270  head  is  utilized.  An  air  drum  is  attached  to  each  motor. 
The  bearings  of  the  large  water  wheels  have  considerable  dimensions 
when  the  speed  of  rotation  is  considered,  which  fact  has  led  to  the 
arrangement  of  a  device  for  oiling  them  as  follows  :  A  reservoir  is 
placed  at  the  top  of  the  receiver  at  considerable  elevation  above  the 
bearings.  Piping  leads  the  oil  to  the  bearings  on  which  it  is  fed 
through  bib-cocks  in  a  continuous  stream,  the  idea  being  to  accomplish 
refrigeration  as  well  as  lubrication.  The  babbit  of  the  bearings  is 
grooved  to  facilitate  the  spread  of  the  oil  and  to  facilitate  its  flow  as 
well  as  its  distribution.  Passing  from  the  bearings  the  oil  is  delivered 
into  pipes  leading  to  and  submerged  in  the  cold  water  of  the  tail  race, 
returning  to  a  pump  which  lifts  the  cool  oil  to  the  reservoirs  to  be  used 
again  on  the  bearings.  The  temperature  of  the  water  in  the  tail  race  is 
essentially  constant  and  not  above  45°  Fahrenheit. 
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Regulator. — The  water  regulation  is  also  upon  original  lines.  On 
top  of  the  motor  is  bolted  a  rectangular  cast  iron  box  6  feet  high,  the 
top  of  which  opens  into  the  elbow  from  the  receiver  and  the  bottom 
opens  into  the  motor.  A  jacket  of  boiler  iron  .surrounds  the  regulator 
box  with  neat  cement  packed  in  between.  A  steel  pin  through  the 
middle  of  the  box  near  the  top  of  it,  supports  two  heavy  cast  iron 
leaves  pendant  from  it,  making  a  hinge-like  device,  fitting  the  case 
closely  nearly  to  its  base,  and  adjusted  to  swing  apart  and  together 
again  according  as  the  pressure  of  water  is  greater  on  one  side  or  the 
other.  The  lower  ends  of  the  two  opposite  leaves  incline  inward  and 
present  a  curvature  that  permits  of  sliding  back  and  forth  on  a  half 
moon  base.  The  water  passing  over  the  outside  of  the  leaves  to  the 
motor  is  independent  of  the  water  enclosed  by  the  leaves,  the  latter 
having  its  source  independently,  but  under  the  same  pressure,  from  a 
separate  connection  with  the  receiver.  Because  of  the  bending  of  the 
leaves,  their  outside  area  is  less  than  their  inside  area,  therefore, 
although  the  same  pressure  per  square  inch  exists  on  both  sides  of  the 
leav^es,  there  is  a  greater  gross  pressure  on  the  inside,  which  causes 
them  to  fly  apart,  and  so  restrain  the  flow  of  water.  A  butterfly  valve 
arrangement  in  the  independent  6  inch  connection  with  the  receiver, 
automatically  regulates  the  pressure  proportionately  to  the  load,  so  that 
the  supply  of  water  to  the  motor  is  regulated  according  to  the  varying 
loads.    This  device  is  very  sensitive  and  quick  acting. 

Ge?ierators. — There  are  four  generators  from  the  shops  of  the 
Westinghouse  Electric  and  Manufacturing  Company.  Each  one 
complete,  weighs  about  100,000  pounds  and  stands  fourteen  feet  high. 

Generators  are  of  the  revolving  armature  type  and  deliver  a  three- 
phase  current  at  1,000  volts,  7,200  alternations.  Normal  full  load 
current  is  1,000  amperes  per  conductor.  The  armature  winding  con- 
sists of  266  bars  with  one  bar  per  slot,  and  is  a  closed  circuit  winding. 
The  armatures  are  96  inches  in  diameter  and  weigh  approximately 
24,000  pounds  each.  The  speed  is  300  revolutions  per  minute  and  the 
peripheral  velocity  is  accordingly  nearly  a  mile  and  a  half  a  minute. 

Massive  collector  rings  of  the  ventilated  type  deliver  current  to  the 
external  circuits.  Three  brushes  bear  on  each  ring,  and  to  insure 
equal  division  of  current  between  them  in  case  of  unequal  contact  re- 
sistance, separate  cable  leads  of  considerable  length  connect  brushes 
and  the  outside  circuit  in  order  that  the  fixed  resistance  with  each 
brush  may  be  large  compared  with  the  possible  variable  resistance. 
The  field  frame  is  split  vertically  and  rests  on  the  bed  plate  which  sup- 
ports the  armature  bearings.    Poles  are  laminated  and  ca.st  in  the  field 
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frame.  The  field  winding  is  of  one  layer  copper  strap  bent  cold  on 
edge  and  afterward  insulated.  At  each  end  of  a  coil  are  brass  brackets 
which  rigidly  hold  it  on  the  pole  piece,  exposing  both  inside  and  out- 
side surfaces  to  air  circulation  to  carry  away  heat.  This  form  of  con- 
struction produces  a  coil  that  is  very  easily  insulated,  furnishes  a 
maximum  surface  for  ventilation,  and  at  any  time  may  be  easily  re- 
paired in  case  of  accident.  At  no  load  these  generators  require  a  field 
current  of  95  amperes  at  about  90  volts,  and  with  full  non-inductive 
load,  100  amperes  to  maintain  the  same  E.M.F. 

Speed  regulation  in  a  water  power  plant  depends  greatly  on  the 
kinetic  energy  in  the  moving  parts,  which  in  this  case  is  ample.  In 
these  armatures  about  4,500,000  foot  pounds  is  .stored  at  300  R.P.M., 
and  from  the  construction  of  the  water  motors,  the  moving  water  column 
also  contributes  to  the  stored  energy,  since  it  is  rigidly  connected  to  the 
revolving  parts  of  the  water  motor.  A  ha.sty  in.spection  might  lead  one 
to  believe  the  energy  in  the  water  column  was  large  compared  with  that 
in  the  generators  on  account  of  its  immense  weight.  However,  this  is 
not  the  case.  The  penstock  and  receiver  contain  about  1,200,000 
pounds  of  water,  and  with  one  water  motor  running  has  only  67,000  foot 
pounds  of  kinetic  energy,  or  about  one  and  one-half  per  cent,  of  that 
in  a  generator  armature.  When  all  the  water  motors  are  in  operation 
the  water  contains  much  more  kinetic  energy,  but  it  is  still  of  little  im- 
portance compared  with  that  stored  in  the  revolving  armatures.  Again, 
since  two  generators  are  geared  together  mechanically,  the  stored 
energy  in  both  will  be  available  to  prevent  sudden  changes  of  speed  in 
either,  due  to  changes  in  load,  and  the  speed  regulation  therefore  still 
further  improved.  The  stored  energy  in  one  of  the  rev^olving  armatures 
is  equal  to  the  electrical  output  of  that  armature  at  full  load  in  four 
seconds. 

Exciters. — Two  separate  125  volt  exciters  of  75  K.W.  each  are  pro- 
vided for  supplying  field  currents  to  the  generators.  They  are  driven 
by  separate  Snoqualmie  motors.  No  speed  regulators  are  used  since 
the  load  is  perfectly  steady.    Regulation  is  effected  by  hand. 

Switchboard. — The  switchboard  is  constructed  in  panels  of  pure  white 
marble  and  presents  a  dazzling  appearance  with  its  mountings  of  brass 
and  bronze  and  its  complete  assortment  of  switches  and  instruments  for 
measuring  voltage,  amperage  and  watts.  There  is  probably  not  a 
switchboard  west  of  the  Mississippi  river  as  elaborate  as  this  one.  It 
is  35  ft.  5  in.  long  and  7^^  ft.  high. 

Current  is  conducted  by  lead  covered  cables  laid  in  sewer  pipe  in  the 
cement  floor,  from  the  generators  to  bare  aluminum  bus  bars  extending 
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along  the  south  wall  to  the  switchboard.  These  bars  are  supported  by 
brackets  on  glass  insulators.  They  are  of  pure  aluminum  one-fifth 
inch  by  three  inches  in  section  and  in  thirty  foot  lengths.  Three  bars 
carry  1000  amperes  with  a  very  moderate  rise  of  temperature.  Joints 
are  lapped  and  bolted  and  connection  to  switchboard  is  made  by  cables 
with  brass  terminals,  which  are  bolted  to  the  bars.  Each  generator 
panel  is  provided  with  two  circuit  breakers,  three  load  ammeters,  a  field 
ammeter,  two  watt  meters  of  the  Niagara  type,  synchronizing  lamps, 
three  pole  generator  switch,  field  circuit  plug  switches  and  a  field 
rheostat.  The  watt  meters  are  arranged  by  a  simple  combination  of 
series  and  shunt  transformers,  so  that  their  indication  is  the  same  as  if 
they  were  on  a  two-phase  circuit.  This  is  of  considerable  value,  as  the 
indication  of  the  meters  remains  equal  with  a  balanced  load  even  if  the 
power  factor  on  the  three-phase  circuit  is  less  than  one. 

Tra7isformer  House  and  Transformers. — The  fire-proof  house  is 
made  of  brick  and  iron  with  a  concrete  floor  with  a  ground  area  of 
40  X  60  feet,  and  30  feet  high  and  stands  just  east  of  and  contiguous 
to  the  intake.  In  this  building,  the  current  is  received  at  an  initial 
voltage  of  1000  and  is  then  passed  into  a  series  of  step-up  transformers 
where  the  voltage  is  raised  to  30,000,  which  is  nominally  the  voltage 
of  transmission. 

One  Himdred  and  Fifty  Mile  Circuit. — An  ingenious  and  elaborate 
high  tension  plug  board  has  been  constructed  in  this  transformer  house 
overhead  by  the  use  of  which  any  combination  of  transformers  and 
circuits  can  be  arranged.  There  are  similar  plug  boards  at  Renton, 
Seattle  and  Tacoma,  and  it  will  be  possible  by  the  use  of  these  plug 
boards  conjointly  to  arrange  a  combination  so  that  a  circuit  may  be 
made  from  the  Falls  to  Seattle  and  back  to  the  Falls,  then  to  Tacoma 
and  back  to  the  Falls  again,  a  distance  of  151  miles.  There  are  twelve 
500  K.  W.  transformers  in  the  transformer  house,  arranged  in  two  rows 
longitudinally,  with  an  aisle  space  on  each  side  and  a  1000  volt  wire 
space  between.  All  circuits  entering  this  building  are  supplied  with 
lightning  arresters  for  the  protection  of  the  works,  although  lightning 
in  this  country  comes  at  intervals  of  only  three  or  four  years. 

Raising  transformers  are  in  delta  connection  for  both  primary  and 
secondary  circuits.  Separate  primary  feeder  panels  are  provided  for 
each  transformer  by  means  of  which  any  transformer  may  be  controlled 
at  the  switchboard.  Each  transformer  panel  is  provided  with  a  circuit 
breaker,  a  double  pole  double  throw  washer  switch  and  an  ammeter. 
Voltmeters  for  the  entire  board  are  supported  on  a  swinging  arm  at 
one  end.    Groups  of  three  feeder  circuits  have  each  a  polyphase  in- 
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tegrating  watt-meter  of  the  Westinghoiise  type.  Leading  up  the  shaft 
to  the  transformer  house,  are  24  bare  aluminum  conductors,  carried  on 
ordinary  glass  cable  insulators  on  the  timber  frame  work  built  in  the 
shaft.  Raising  transformers  are  of  the  standard  Westinghouse  self- 
cooling  oil  insulated  type,  and  have  a  capacity  of  500  K.  W.  each  at 
90  per  cent,  power  factor.  Their  cases  are  55  inches  by  72  inches  and 
66  inches  high,  and  contain  500  gallons  of  oil.  The  primary  winding 
is  for  1000  volts  and  the  secondary  winding  is  for  either  15,000  or 
30,000  volts.  Each  complete  transformer  weighs  approximately 
10,850  pounds,  of  which  3,600  pounds  are  in  iron  and  copper.  The 
most  remarkable  feature  about  these  transformers  is  their  low  self- 
induction.  With  one  of  the.se  windings  .short  circuited  less  than  three 
percent,  of  the  normal  E.M.F.  at  7,200  alternations  per  minute  will 
send  full  load  current  through  the  other  coil.  This  is  due  to  sub- 
dividing and  closely  .sandwiching  the  primary  and  .secondary  coils, 
which  are  thin  and  flat. 

High  tension  coils  have  many  layers  and  but  few  turns  per  layer 
and  each  layer  is  wound  in  the  same  direction  to  reduce  the  difference 
of  potential  between  the  successive  layers.  At  the  end  of  each  layer 
the  wire  is  carried  across  the  face  of  the  coil  to  the  .starting  side. 
Low  tension  coils  are  of  bars  or  straps  wound  on  edge  and  afterwards 
in.sulated.  Coils  are  spread  at  the  ends  outside  of  the  iron  core  to 
facilitate  oil  circulation  which  carries  away  heat,  and  also  to  increase 
the  distance  between  the  coils  where  it  is  difficult  to  apply  solid  in.sula- 
tion.  To  protect  attendants  and  apparatus  in  case  of  accidental  con- 
tact between  high  and  low  tension  windings  suitably  adjusted  .spark 
gaps  are  connected  between  each  low  ten.sion  winding  and  the  earth. 
Bach  transformer  is  supplied  with  two  high  tension  fuse-circuit 
breakers  by  which  it  may  be  disconnected  either  by  hand  or  auto- 
matically in  case  of  excessive  current  load.  The  fuse-circuit  breaker 
consists  of  two  hinged  wooden  rods  by  which  the  fuse  terminals  are 
wndely  separated,  breaking  the  arc  when  the  fuse  is  ruptured  by  the 
current.    The  electric  arc  at  30,000  volts  is  .six  feet  long. 

Lightning  Arresters. — Protecting  each  incoming  line  wire  is  a  Wurts 
lightning  arrester  of  improved  construction.  On  the  front  of  a  vertical 
slab  24  inches  wide  and  65  inches  high  are  mounted  the  .spark  gaps 
cylinders  in  units  of  seven  in  separate  porcelain  cases,  while  on  the 
back  of  the  same  panel  are  six  choke  coils  mounted  on  three  marble 
wings  which  effectually  support  the  coils  and  insulate  them  while  they 
are  brought  in  close  inductive  action  with  each  other.  The  whole  is 
simple,  self-contained  and  fire-proof. 
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Wire- Outlets. — Insulated  wall  bushings  are  provided  for  each  high 
tension  wire,  consisting  of  a  marble  slab  24  inches  square  set  into  the 
w^all,  through  the  center  of  which  passes  a  thick  glass  tube  24  inches 
long  and  2  inches  in  outside  diameter  which  surrounds  the  wire.  The 
wires  are  led  out  from  a  cupola  on  the  ridge  of  the  roof  occupying 
about  a  third  of  the  length  of  the  building. 

The  Cottages  and  Park. — Comfortable  and  commodious  cottages 
with  all  modern  conveniences  have  been  erected  b}^  the  company  near 
the  works,  for  the  homes  of  the  electrical  attendants.  The  Company 
has  also  provided  and  furnished  an  attractive  cottage  for  the  use  of 
the  executive  officers  and  entertainment  of  the  Company's  guests. 
Twenty-seven  acres  of  ground  covering  the  works,  Falls  and  a  con- 
siderable stretch  of  the  river  have  been  parked  and  laid  out  in  lawns, 
walks  and  flower  beds,  which  together  with  the  trout  fishing  and  hunt- 
ing near  at  hand  and  the  mountain  vistas  makes  the  spot  one  of  the 
most  attractive  in  the  State  of  Washington.  The  grounds  are  illumi- 
nated by  arc  lamps. 

HIGH  TENSION  TRANSMISSION  SYSTEM. 

Right  of  Way. — The  right  of  way  for  the  pole  lines  is  owned  by  the 
Company  with  the  exception  of  several  stretches  where  the  county 
roads  are  occupied  under  a  franchise.  The  right  of  way  is  patrolled 
daily  by  men  on  horseback,  each  patrolman  having  a  distance  of  ten 
miles,  and  reporting  by  telephone  to  Seattle  and  the  Falls  from  the 
telephone  booths  located  every  three  miles.  This  patrol  service  has 
been  organized  for  the  purpose  of  detecting  any  weakness  that  may 
appear  in  the  line,  and  to  protect  it  from  any  dangers  that  may  threaten. 
The  private  right  of  way  of  the  Company  is  in  general  fifty  feet  wide. 
The  right,  however,  was  obtained  and  was  exercised,  by  which  the 
company  in  a  great  many  places  for  a  distance  of  300  feet  on  each  side 
the  line  has  the  privilege  of  felling  timber  which  might  injure  its 
operations.  A  great  many  thousand  dollars  were  spent  in  this  way, 
which  the  casual  observer  might  think  unnecessary.  Sound  trees 
eight  or  ten  feet  in  diameter,  three  hundred  feet  in  height,  have  been 
cut  as  far  back  as  300  feet  from  the  line,  assuming  that  if  they  fell  for 
any  rea.son  they  might  reach  the  line  and  damage  it.  No  falling  tree 
can  possibly  reach  the  pole  lines. 

Aluminum  Lines, — The  circuits  are  of  aluminum  and  this  is  the  first 
instance  of  its  use  in  the  history  of  long  distance  transmission.  The 
conductivity  of  this  metal  is  about  60%  of  copper,  so  that  the  wire  in 
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order  to  have  a  capacity  equal  to  copper  must  be  about  60%  larger, 
but  with  this  increased  size  the  weight  is  slightly  less  than  one  half  as 
much.  lyonger  spans  are  therefore  possible,  thus  making  a  saving  in 
poles  and  insulators.  Aluminum  is  non-corrosive  in  a  desirable  degree. 
It  has  great  tensile  strength.  Because  of  its  larger  cross  section  its 
radiating  surface  is  larger  and  the  wires  keep  cooler.  These  advant- 
ages are  apparent  in  aluminum  conductors  in  addition  to  the  fact  that 
they  cost  less  than  copper. 

Poles. — The  poles  are  all  cedar,  9  inches  at  the  top,  stripped  of  their 
bark  and  either  burned  or  tarred  at  their  butt  end.  The  standard 
length  is  36  feet,  set  to  a  depth  of  six  to  eight  feet,  but  they  vary  from 
this  to  a  length  of  150  feet  according  to  the  nature  of  the  country.  All 
poles  have  been  set  in  line  with  a  transit  and  their  lengths  are  con- 
formed to  the  regular  grades  established  by  the  engineer's  levels. 

Seattle  and  Tacoma  are  reached  by  separate  pole-lines  paralleling 
each  other  forty  feet  apart  as  far  as  Renton,  19  miles,  and  there  they 
diverge  to  their  respective  terminals, — Seattle  31  miles,  Tacoma  44 
miles.  The  country  transversed  is  varied  in  topography  from  the 
mountainous  and  rough  to  the  rolling  and  flat,  and  a  great  portion  of  it 
is  covered  with  the  primeval  forest. 

Aluminum  tie  wires  are  also  used,  and  soft  No.  8  B.  and  S.  guage  is 
found  best  suited  to  the  work.  No  electrolysis  can  occur  with  aluminum 
ties,  as  would  be  the  case  with  iron  or  copper. 

Wire  Splices. — Line  conductors  are  spliced  with  the  sleeve  joint, 
which  consists  of  a  flattened  aluminum  tube  9  inches  long  and  with 
walls  one-sixteenth  of  an  inch  thick,  large  enough  to  snugly  enclose 
two  wires.  The  whole  is  given  three  complete  twists  by  special  clamp- 
ing tools,  when  the  joint  is  complete. 

The  Seattle  lines  contain  about  67,000  pounds  of  wire  and  the 
Tacoma  lines  72,000.  The  charging  current  on  one  of  the  Tacoma 
lines  on  open  circuit  at  30,000  volts  is  7.4  amperes,  which  is  small 
compared  w4tli  the  load  current,  so  that  no  trouble  is  experienced  from 
static  capacit5\  The  lines  are  of  aluminum  approximately  .26  inches 
in  diameter  for  the  Seattle  circuits  and  .23  inches  in  diameter  for  the 
Tacoma  circuits,  and  are  designed  to  deliver  respectively  4,000  and 
2,000  kilowatts  at  25,000  volt  pressure  and  80  per  cent,  power  factor. 

Measurements  made  on  the  Seattle  line  show  a  resistance  of  84.5  to 
88  ohms,  depending  on  the  temperature,  and  self  induction  at  7,200 
alternations,  equivalent  to  54  ohms,  for  a  circuit  composed  of  any  two 
wires.  The  resistance  of  any  two  wires  of  the  Tacoma  circuit  measures 
152  ohms.  These  results  show  that  the  performance  of  the  line  is  as 
it  was  designed. 
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Insulators. — -The  lines  are  carried  on  imperial  porcelain  insulators, 
Redlands  type,  which  are  four  and  one  half  inches  high  and  six  and 
one  half  inches  in  diameter,  and  which  weigh  four  pounds  each. 
Parafined  locust  pins  are  used,  which  support  the  insulators  four  inches 
above  the  cross  arms.  Two  circuits  are  run  on  each  pole  line,  one  on 
each  side,  with  a  triangular  spacing  of  30  inches  between  wires.  Four 
wires  on  the  lower  cross  arm  are  spaced  on  either  side  25  inches  and  75 
inches  from  the  center  of  the  pole.  Twenty-five  and  a  half  inches 
above  on  another  cross  arm  are  two  wires  40  inches  on  either  side  of 
the  pole. 

Cross- Arms. — Cross-arms  are  four  and  a  half  b}'  six  inches,  by  jo 
and  8  feet  long.  The  whole  line  is  built  in  the  most  substantial  man- 
ner. Poles  are  braced  whenever  necessary,  and  on  all  curves  and  turns 
and  cros.sings  double  cross-arms  are  used.  The  length  of  span  on  the 
Seattle  line  varies  from  90  to  150  feet,  but  the  average  is  110  feet.  On 
the  Tacoma  line  the  average  span  is  150  feet.  About  15  inches  sag  is 
allowed,  which  is  considerably  greater  than  is  common  practice  with 
copper  wires. 

Transpositions. — Transpo.sitions  divide  the  lines  into  six  equal  sec- 
tions on  either  side  of  the  Renton  sub-.station.  The  spans  in  which 
transpositions  are  made  are  between  poles  set  six  feet  apart,  which 
effectually  prevents  accidental  contact  between  wires.  At  each  trans- 
position the  circuits  are  given  one  third  of  a  turn,  always  in  the  same 
direction. 

Telephone  System. — A  telephone  line  of  No.  10  B.  and  S.  aluminum 
wire  is  carried  about  five  feet  below  the  power  circuits  on  ordinary  glass 
insulators  on  brackets.  It  is  transposed  at  every  fifth  pole.  Its  service 
has  been  very  satisfactory.  Patrol  men  carry  portable  telephones  so 
that  a  call  can  be  made  at  any  point  b}^  climbing  a  pole.  Telephone 
booths  containing  also  line  supplies  and  tools,  are  located  every  three 
miles. 

Issaquah  Sub-Statioti. — Ten  miles  from  the  Falls  the  pole  lines  run 
through  the  town  of  Issaquah,  a  coal  mining  camp  of  about  1200 
people.  At  this  point  a  small  brick  station  has  been  erected,  from 
which  to  distribute  power  to  the  coal  mines  and  for  general  lighting  in 
the  town.  The  station  serves  also  as  a  residence  for  the  patrolman  on 
that  beat. 

Renton  Sub-Statio7i. — Renton  is  a  prosperous  village  of  2000  people, 
is  the  center  of  a  large  farming  district  and  the  seat  of  extensive  coal 
mines  which  will  likely  soon  be  operated  electrically  from  this  plant. 
At  the  Renton  station  a  high  tension  switchboard  similar  to  that  at  the 
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generating  station,  allows  any  combination  of  the  incoming  and  out- 
going circuits  to  be  made.  Each  wire  is  provided  with  a  high 
tension  fuse  switch.  All  high  tension  apparatus  and  power  apparatus 
at  this  station  is  contained  in  a  handsome  and  commodious  brick  build- 
ing 40x40  feet  and  22  feet  high  inside,  which  was  designed  and 
erected  for  this  purpose.  High  tension  wires  entering  this  building 
have  the  marble  and  glass  bushings  similar  to  those  at  the  generating 
station.  This  station  is  also  the  home  of  the  patrolman's  family  hav- 
ing charge  of  this  station. 

Kent  and  Auburn. — The  Tacoma  circuits  pass  through  the  towns  of 
Kent  and  Auburn,  villages  of  about  1000  people  each,  supported  by 
a  prosperous  farming  and  dairy  communities.  Auburn  is  the  junction 
point  of  the  Northern  Pacific  Railway,  where  the  roads  from  Seattle 
and  Tacoma  meet  the  overland  .system.  The  Power  Company  has  in 
contemplation  the  establishment  of  small  sub-stations  at  these  places 
for  local  distribution. 

Terminal  Sub-Stations. — The  Seattle  ljuilding.  Corner  of  Main 
Street  and  2nd  Avenue,  is  substantially  built  of  Tenino  sand-.stone  and 
iron.  The  machinery  occupies  the  underground  basement,  while  the 
Company  offices  and  renting  tenants  occupy  the  street  floor  space  and 
above.  The  Tacoma  Station  is  a  large  red  brick  structure  and  is 
occupied  jointly  with  the  Tacoma  Railway  &  Power  Company. 

Seattle  Station. — The  Seattle  sub-.station  is  in  the  business  district, 
and  the  high  tension  wires  are  carried  to  it  on  70  foot  poles,  painted 
blue  and  black.  A  tower  on  the  third  floor  about  40  feet  above  the 
ground  receives  the  wires,  which  are  thence  led  through  a  terra  cotta 
enclosure  to  the  lightning  arresters  on  the  second  floor.  These  are  six 
in  number  and  similar  to  those  at  the  Falls  station  except  that  they  are 
for  25,000  volts  instead  of  30,000  volts.  Below,  on  the  ground  floor, 
are  high  tension  fuse-switches  by  which  the  incoming  current  may  be 
controlled.  All  of  the  load  may  be  placed  on  either  transmission  cir- 
cuit, or  it  may  be  divided  so  that  the  steady  load  on  one  circuit  and  the 
fluctuating  load  on  the  other,  or  both  circuits  may  be  connected  in 
multiple.  Here,  as  elsewhere,  is  shown  the  extreme  flexibility  of  the 
switching  apparatus,  which  is  a  characteristic  feature  of  this  plant.  In 
this  room  are  also  high  tension  fuse  switches  for  the  lowering  trans- 
formers immediatel}^  below  in  the  basement. 

Step- Down  Tra?isfor?ners. — Of  the  lowering  static  transformers  there 
are  at  present  three,  with  primaries  and  secondaries  in  delta  connection, 
for  supplying  500  volt  direct  current  rotary  transformers.  Primary 
coils  may  be  connected  either  for  12,500  volts  or  25,000  volts.  Second- 
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ary  coils  have  intermediate  terminals  by  which  the  E.M.F.  supplied  to 
the  rotaries  may  be  adjusted  when  necessary.  Otherwise  the  trans- 
formers are  similar  in  construction  and  capacity  to  those  of  the  o^ener- 
ating  station.  There  are  also  three  pairs  of  two  to  three  phase  lowering 
transformers  of  300  K.W.  capacity  each  with  2,000  volt  secondaries  for 
general  lighting  and  power  distribution,  two  induction  motors,  which 
makes  the  total  station  transformer  capacity  2,400  K.W. 

Switchboards. — Elaborate  white  marble  switchboards  are  furnished 
for  controlling  the  three  rotary  transformers.  The  alternating  current 
panels  each  contain  a  three  pole  single  throw  washer  switch,  three 
ammeters.  S3aichronizing  lamps,  field  rheostat  and  a  switch  for  the 
starting  motor  on  the  rotary.  On  each  direct  current  panel  is  a  circuit 
breaker,  ammeter,  volt-meter,  plug  receptacles  and  two  single  pole 
washer  switches.  The  feeder  panels  have  circuit  breakers,  single  pole 
washer  switches  and  Thomson  recording  watt  meters.  Volt  meters  are 
mounted  at  the  end  of  the  board  on  a  swinging  arm. 

Rotary  Trayisforniers. — There  are  two  rotaries  of  500  K.W.  capacity 
delivering  current  at  550  volts  which  are  operated  in  multiple  on  both 
alternating  and  direct  current  sides.  Having  eighteen  poles  the  speed 
is  400  revolutions  per  minute.  Collector  rings  and  brushes  are  like 
those  on  the  generators  but  of  smaller  capacity.  To  bring  the  rotaries 
up  to  the  synchronism  without  excessive  starting  current,  a  small  in- 
duction motor  is  mounted  on  the  armature  shaft.  As  it  has  sixteen 
poles  it  is  enabled  to  bring  the  rotary  armature  slightly  above  synchron- 
ism, but  the  final  speed  adjustment  is  made  by  varying  the  field  current 
which  imposes  more  or  less  load  from  iron  loss  in  the  rotary  armature. 
Several  cross  connections  in  the  armature  windings  insure  superior 
mechanical  and  electrical  performance. 

Alternating  2,000  V.  Current. — For  alternating  current  lighting  and 
motor  work  a  panel  is  provided  for  each  set  of  three-phase,  two-phase 
transformers,  containing  two  2,000  volt  automatic  circuit  breakers,  two 
ammeters,  two  Niagara  indicating  watt  meters,  two  double  pole  throw 
switches  and  pilot  lamps.  The  feeder  panels  are  the  same,  except 
polyphase  integrating  watt  meters  of  the  Westinghouse  type  replace  the 
indicating  watt  meters.  In  making  changes  on  these  boards  the  cir- 
cuits are  first  opened  by  the  circuit  breakers,  as  the  switches  are  not 
designed  to  break  current. 

CONCLUvSION. 

The  function  of  this  Company  will  be  to  furnish  power  for  all  pur- 
poses and  it  is  expected  that  every  wheel  turning  in  Seattle  and 
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Tacoma  will  very  soon  be  propelled  by  the  power  from  Snoqualmie 
Falls.  Negotiations  are  on  foot  also  for  the  establishment  of  electro- 
lytic and  chemical  works,  and  it  is  not  unlikely  that  within  a  year  large 
blocks  of  power  of  this  description  will  be  taken  which  will  necessitate 
increasing  the  capacity  of  the  plant.  Power  for  the  electric  lighting 
system  and  railways  of  both  towns  is  furnished  by  this  Company,  as 
well  as  all  the  small  and  larger  motors  for  the  different  services.  The 
Centennial  Flour  Mill  Company  in  Seattle  became  the  first  customer  of 
this  Company  nearly  a  year  before  the  jiroject  was  completed.  Nearly 
the  entire  output  of  power  was  taken  before  tlie  company  turned  a 
wheel. 

Efficiency  of  Plant  as  a  Whole.  —  Calling  the  energy  of  the  water  at 
the  Falls  unity,  the  percentage  thereof  available  at  the  time  of  full 
load  at  different  points  in  the  system  will  be  as  follows  : 


Energy  of  water  •_  i.oo  i.oo 

"      from  water  wheel  0.80  0.80 

"        "     generator  0.75  0.75 

"        "     step-up  transformers  0.72  0.72 

"       to  step-down  transformers  0.61  0.65 

"       from  step-down  transformers  0.59  0.63 

"    rotary  transformers  0.53  0.57 


The  first  column  is  computed  for  a  line  loss  of  15%.  It  is  intended 
to  increase  the  amount  of  wire  on  the  line  so  that  this  loss  will  be  re- 
duced to  10%. 

This  Company  has  been  fortunate  in  developing  its  project  at  a  time 
when  most  of  the  steam  plants  in  its  territory  were  worn  out  and 
ready  to  be  renewed,  and  at  a  time  when  prosperity  has  begun  to 
stimulate  Seattle  and  Tacoma  with  new  growth  and  vigor. 

EXTENSIONS. 

The  design  of  the  plant  contemplates  doubling  the  present  capacity 
which  from  the  present  outlook  appears  will  be  necessary  within  a  year. 
It  will  be  remembered  that  the  shaft  will  accommodate  another  penstock 
of  the  same  capacity  ;  the  intake  has  been  built  for  double  this  plant, 
and  so  has  the  tailrace.  The  poles  will  accommodate  twice  as  many 
wires  ;  the  right  of  way  has  been  bought  and  improved  sufficient  for 
any  expansion,  and  t,he  sub-stations  will  accommodate  machinery  for 
several  times  the  initial  power.  Another  cavity  and  additional 
machinery  and  wires  are  the  oxAy  extensions  necessary  to  double  the 
plant.    Still  other  cavities  might  be  built,  the  shaft  and  tunnel  en- 
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larged,  dams  built  in  the  mountains,  until  the  entire  flow  of  the  river  is 
absorbed,  if  the  demand  for  power  at  the  industrial  centers,  or  a  future 
manufacturing  town  at  Snoqualmie  Falls,  ever  justified  it.  This  is 
cited  only  to  suggest  the  future  possibilities  of  the  enterprise. 

Cheap  Poiver. — The  Pow^  Company  does  not  engage  in  the  distribu- 
tion of  power  to  small  customers,  but  sells  power  in  large  blocks  for 
this  purpose  to  the  Seattle  Cataract  Company,  and  the  Seattle  Electric 
Company  in  Seattle,  and  the  Tacoma  Cataract  Company  and  Tacoma 
Railway  and  Power  Company  in  Tacoma,  reserving  for  itself  the  duty 
of  supplying  large  plants  of  every  description  which  can  be  reached  by 
any  of  its  lines  or  extensions  thereof.  Although  this  company  controls 
the  only  water  power  commercially  available  to  the  Sound  cities  the 
Company's  policy  has  been  to  build  up  a  business  of  large  volume  at 
moderate  prices,  rather  than  small  volume  at  high  prices.  The  natural 
conditions  make  this  power  one  of  the  cheapest  of  development  in  the 
United  States,  and  therefore  the  Company  is  able  to  offer  lower  rates 
than  in  most  other  sections  of  the  country,  and  special  rates  for  nine 
months  power.  The  Pacific  j^lope  is  rich  in  raw  materials  and  the 
market  for  finished  product  extends  from  Alaska  and  Mexico  to  Japan, 
China  and  the  Phillipines.  An  empire  has  sprung  up  upon  the  western 
border  with  a  heritage  so  vast  and  resourceful  as  to  claim  the  attention 
of  the  civilized  world. 
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It  is  a  very  well  known  fact,  that  in  all  forms  of  brick  masonry  con- 
struction, the  crushing  strength  developed  under  loading  is  but  a  small 
percentage  of  the  strength  developed  by  the  individual  brick  when 
tested  singly  between  unyielding  steel  plates.  It  is  usual  to  account 
for  this  wide  discrepancy  by  saying  that  the  excess  of  resistance  de- 
veloped by  the  single  brick  is  due  to  the  fact  that  the  bearing  plates  in 
contact  with  its  surface  prevent  lateral  motion  and  thus  hold  the  brick 
up  to  a  higher  duty.  This  explanation  is,  no  doubt,  in  a  measure 
true  ;  but  that  it  should  be  sufficient  to  fully  account  for  the  wide 
difference  in  developed  strength  seems,  to  sa}^  the  least,  open  to  ques- 
tion. It  is  the  purpose  of  this  paper  to  briefly  consider  this  question 
in  the  light  of  numerous  experiments  on  brick  piers. 

In  the  reports  on  the  extensive  experiments  made  at  the  Watertown 
Arsenal  on  the  strength  of  brick  ])iers,  especial  emphasis  is  laid  upon 
the  importance  of  securing  a  good  quality  of  mortar  in  order  to  insure 
a  high  efficiency  of  the  masonry.  The  argument  is  as  follows  :  (See 
Watertown  Reports,  1884,  page  74.) 

(1)  "In  examining  the  results  of  the  cement  and  mortar  tests, 
superior  strength  is  found  in  the  Portland  Cement  ;  likewise  the  piers 
laid  in  Portland  Cement  give  the  highest  resistance,  while  piers  of  the 
same  kind  of  bricks,  but  laid  in  weaker  mortar,  showed  lower  results, 
from  which  it  appears  that  the  qualit\^  of  the  mortar  employed  is  a 
very  important  function  in  the  strength  of  the  brick-work." 

(2)  "  A  material  tested  between  cushions  weaker  than  itself  suffers 
by  the  disintegration  of  these  cushions." 

(3)  "  The  mortar  acting  as  a  cushion  to  distribute  the  load  of  com- 
pression, the  nearer  the  physical  properties  of  the  mortar  approach 
those  of  the  bricks,  the  more  strength  will  be  developed  in  the  piers." 

The  tables  embodying  the  results  of  the  Watertown  tests,  and  pub- 
lished in  their  reports,  seem  to  fully  bear  out  the  first  (i)  conclusion. 
As  to  exactly  what  quality  is  most  desirable  in  the  mortar,  does  not  yet 
seem  to  be  definitel}'  settled  as  will  be  pointed  out  more  specifically 
later  on. 

As  to  conclusions  (2)  and  (3),  a  comparison  of  the  efficiencies  of  a 
number  of  piers  may  be  made  by  a  study  of  the  following  Table. 
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These  efficiencies  are  based  upon  the  strength  of  single  bricks  and 
the  crushing  strength  of  six  inch  cubes  of  the  component  mortar. 
The  last  column  gives  ratios  of  compression  of  6"  cubes  under  load  of 
4,000  pounds  the  neat  Portland  Cement  being  taken  as  i.oo. 

The  table  is  compiled  from  the  report  of  tests  for  1884,  and  only 
those  are  taken  which  are  nearly  72  inches  in  length,  the  purpose  being 
to  eliminate  as  far  as  possible  the  effect  of  variations  in  strength  due 
to  varying  length. 

TABLE  I. 

Watertown  Series,  1884.    Dimensions  of  Cross-section,  12^^  x  12^^. 


p 

Height. 

Composition  of  Mortar. 

strength,  lbs.  per 
sq.  inch. 

Kffici'nci's 
of  pier. 

Compres- 
sion of 
6"  cubes 
of  mort. 
under 
4000  lbs. 

Mor-j  single 
tar.  brick. 

1 

Pier. 

^  of  1  fo 

Mor-jsing. 
tar.  br'k. 

290  72^^ 
294  72^^ 
300  73^^ 
301,  73'' 
293  72^^ 
288  72^' 

Neat  Portland  cement 
I  Portland  cement,  2  sand 

I  lime,  3  sand,  i  Portland  cement  

I  lime,  3  sand,  i  Rosendale  cement. _ 
I  Rosendale  cement,  2  sand  .    _  . 
I  lime,  3  sand                 .  .  .  _ 

3480!  1 1406  2375 
548    1 1406!  1 792 
192  II406I1411 
183    1 1406!  1646 
162    1 1406  1972 
124    1 1406  1 133 

681  20.8 

320  15.7 

735  12.4 
900!  14.4 
1210  17.3 
_  9^ol  9-9 

I.OO 

1.67 

4.80 
3.00 
5.00 

12.00 

The  piers  chosen  for  comparison  are  of  practically  equal  dimensions, 
and  they  are  arranged  in  the  table  in  order  of  the  crushing  strength  of 
the  mortar  as  tested  in  the  form  of  six  inch  cubes.  The  decrea.se  in 
the  efficiency  of  the  pier  when  referred  to  a  single  brick,  from  the  neat 
Portland  Cement  to  the  lime  mortar,  is  quite  marked  and  uniform  if 
exception  be  made  of  the  piers  in  which  Rosendale  cement  is  used. 
Likewise,  the  increase  in  efficiency  when  referred  to  the  strength  of 
the  mortar,  is  just  as  marked  and  uniform  with  the  same  exception. 
Considered  alone,  the  Rosendale  mixtures  show  results  entirely  unlike 
the  others.  A  decrea.se  in  the  crushing  strength  of  the  mortar  shows 
an  increased  efficiency  when  referred  to  either  standard.  These  results 
do  not  .seem  to  bear  out  conclusion  (3)  as  quoted  above.  If  the 
amount  of  compression  of  a  six  inch  cube  of  neat  Portland  Cement 
under  a  load  of  4,000  pounds  be  taken  as  standard,  the  compres.sions 
of  the  Rosendale  mortars  are  respectively  three  and  five  times  as  great, 
yet  the  efficiencies  of  the  piers  referred  to  a  single  brick  areas  i  :  f  :  f  a 
decrease  in  strength  not  at  all  commensurate  with  the  increased  com- 
pressibility. It  is  to  be  noted  also  that  the  efficiencies  when  referred 
to  the  mortars,  are  approximrtely  as  i  :  13  :  18. 

It  is  quite  evident  that  the  quality  to  be  sought  in  a  good  mortar  for 
the  brick- work  is  .something  different  from,  or  at  least  something  in 
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addition  to,  mere  compressive  strength  ;  for  while  in  the  above  tests 
the  mortar  composed  of  one  part  Portland  Cement  and  two  parts  sand, 
had  a  compressive  strength  of  more  than  three  times  that  of  the 
mortar  com])osed  of  one  part  Rosendale  and  two  parts  sand,  yet  the 
efficiency  of  the  pier  as  a  whole  was  increased  only  3)^  per  cent.  It 
is  more  than  probai)le  that  the  tensile  strength  of  the  mortar  is  of  more 
importance  than  its  com])ressive  strength,  and  that  the  adhesive  power 
of  the  mortar  is  really  the  decisive  element  in  its  valne.  It  is  to  be 
noted  that  a  lime  mortar  of  proportions  i  :  3  gives  fairly  good  results 
although  its  crushing  strength  is  low.  The  Waterlown  tests  show  that 
when  compared  to  a  mortar  of  Portland  Cement  and  sand  of  propor- 
tions I  :  2  although  the  ratio  of  crushing  strength  is  about  4:18  the 
ratio  of  the  j^ier  efficiencies  is  about  4  :  7.  The  method  of  failure  in 
all  piers  te.sted  has  l)een  quite  similar  ;  a  longitudinal  cracking  and 
pulling  apart  of  "  the  bricks  in  one  course  opposite  the  end  joints  of 
the  bricks  in  the  adjacent  course. "  It  would  seem  tnerefore  that  in  a 
mortar  for  brick-work,  high  tensile  strength  and  strong  adhesive 
power  are  the  qualities  to  be  assiduously  sought. 

The  Watertown  tests  show  a  greater  strength  in  piers  built  with  the 
brick  placed  on  edge,  and  it  was  argued  that  this  increased  strength 
came  from  a  decrease  in  the  number  of  joints,  and  the  consequent  re- 
duction in  volume  of  mortar  used.  It  is  more  probable  that  the  in- 
crease is  due  to  the  tendency  of  the  bricks  to  act  as  beams  when  the 
bearings  are  uneven,  and  under  these  conditions  the  edgewise  brick 
has  an  advantage  over  a  flat  one. 

It  is  quite  evident,  that  up  to  the  present  time,  no  set  of  experi- 
ments has  been  planned  and  carried  out  which  would  fully  take  ac- 
count of  all  the  conditions  which  might  affect  the  strength  of  a  brick 
pier  :  viz  : — 

(1)  The  fineness,  specific  gravity  and  age  of  cement  used. 

(2)  Kind  of  sand,  size  and  uniformity  of  grain,  etc. 

(3)  Amount  of  water  used  in  mortar. 

(4)  Crushing  and  compressive  tests  of  .single  brick. 

(5)  Tensile  tests  of  brick.  Practically  nothing  has  been  done  in 
this  line. 

(6)  Crushing  and  Compressive  tests  of  mortar. 

(7)  Tensile  tests  of  mortar. 

(8)  Tests  to  determine  adhesive  power  of  mortar.  This  is  a  field  in 
which  much  may  be  done.  The  extremely  wide  variations  in  the  re- 
sults of  tests  for  the  adhesive  strength  of  mortars  is  indicated  by  the 
table  compiled  in  1888  by  Emil  Kuichling  and  quoted  on  page  94  of 
Baker's  "  Masonry  Construction." 
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(9)  Crushing  and  compressive  tests  of  masonry. 

In  the  "  Transactions"  for  J 898,  there  was  reported  a  series  of  tests 
on  brick  piers  built  in  the  Laboratories  of  the  College  of  Civil  Engi- 
neering. The  results  there  reported  are  not  fully  comparable  to  the 
Watertown  tests,  as  the  crushing  strength  and  compression  of  the 
mortar  were  not  separatel}"  determined.  The  efficiency  of  these  piers 
w^hcn  referred  to  a  single  brick  is  much  higher  than  the  efficiency  re- 
ported from  Watertown,  but  the  crushing  strength  of  the  single  brick 
is  much  lower.  This  difference  is  doubtless  due  to  the  fact  that  the 
mortar  adhered  more  strongly  to  the  medium  Newfield  brick  than  it 
did  to  the  harder  New  England  brick.  The  mortar  used  was  uniform 
throughout  the  whole  number  of  piers,  but  the  length  was  variable. 
However  the  influence  of  varying  length  was  not  at  all  marked. 

In  the  Summer  of  1898  another  series  of  brick  piers,  fourteen  in 
number,  was  built  in  the  College  Laboratories.  The  purpose  of  this 
series  was  to  determine,  if  possible,  the  value  of  various  devices  used 
to  secure  a  bond  in  the  masonry  in  addition  to  the  ordinary  mortar 
joints.  In  order  to  attain  to  this  end  the  piers  were  constructed  as  fol- 
lows :  Section  13x13  inches  and  about  80"  high,  the  bond  showing  a 
whole  and  a  half  brick  on  each  face,  the  center  being  filled  with  a  half 
brick.  Each  pier  was  made  up  of  30  courses,  the  joints  averaging 
about  0.30  inches  in  thickness. 

The  mortar  u.sed  was  compo.sed  of  Portland  cement  and  sand  in  the 
proportions  of  1:2.  Two  piers  were  constructed  in  which  this  mor- 
tar only  was  used  in  the  joints.  Two  had  two  iron  straps  i  ^  x  ^ 
inches  in  cross  section  placed  in  the  horizontal  joints  at  every  fourth 
course,  alternating  at  right  angles,  and  secured  by  pins  or  keys  which 
were  brought  up  to  a  bearing  against  the  outside  of  the  pier.  One 
pier  had  similar  straps  in  every  sixth,  and  another  in  every  eighth 
course. 

In  two  piers,  a  wire  netting  of  ^  inch  mesh,  and  wire  of  0.045 
inches  diameter  was  placed  in  every  second  course,  carefully  bedded  in 
the  mortar  and  covering  the  entire  cross-section  of  the  pier.  The 
same  kind  of  netting  was  placed  in  two  other  piers  under  similar  con- 
ditions except  that  the  netting  was  placed  in  every  horizontal  joint. 
Finally,  four  piers  were  built,  in  which,  at  every  fourth  course,  was 
placed  galvanized  iron  plates  0.026  inches  thick.  The  effect  of  these 
plates  was  to  separate  the  pier  into  a  number  of  distinct  short  masonry 
blocks. 

The  following  table  gives  a  condensed  summary  of  the  record  of  the 
tests  as  to  crushing  .strength   and  the  efficiencies  based  upon  the 
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strength  of  a  single  brick.    The  compression  was  not  measured  on  all 

the  piers,  and  that  subject  is  discussed  in  another  place. 


TABLE  II. 


Dimen- 

No. 

sions, 



13^^x13^' by 



I 

78  inches 

2 

78  " 

Series 

of 

1897. 

3 

81  " 

81  " 

i 

80  " 

81  " 

7 

79  " 

8 

80  " 

9 

79  " 

10 

80  " 

II 

80  " 

12 

79  " 

^3 

80  " 

14 

80  " 

Nature  of  Joints. 
Cement  mortar  (1:2)  


Strength, 
lbs.  per 
sq.  in. 


(av.  of  3)._-. 
Iron  straps  every  4th  course. 


1 150 
1 184 

921 


'*         "        "     6th  course. 
"         "        "    8th  course. 
Wire  netting  every  2nd  course 


810  I 
920  I 
780 
843 
1 136) 
1248  { 
1692  ) 

"    1440  ( 

Iron  plate  every  4th  course  !  1030] 

'•'    "       "  1145  I 

"      "       "  972  f 

"       "      "  858J 


every  course. 


Efficiency, 
per  cent,  of 
single  brick. 


(average  of  3),  30 
( average  of  2 ) ,  24 


22 
24 


I  (average  of  2),  33 
j  (average  of  2),  46 

(average  of  4),  28 


Tabulating  these  result's  in  the  order  of  the  efficiencies,  and  com- 
paring with  the  clear  mortar  as  standard,  we  have  : 


TABLE  III. 


Nature  of  Joint. 


Piers  with  netting  in  every  joint  

Piers  with  netting  in  every  second  joint 

Piers  with  clear  mortar  joints  

Piers  with  plates  every  fourth  joint  

Piers  with  straps  every  fourth  joint  

Piers  with  straps  every  sixth  joint  

Piers  with  straps  every  eighth  joint  


Efficiency,  com- 
pared to  pier  with 
mortar  joints. 


1-53 
1. 10 
1. 00 

0-93 
0.80 

0-73 
0.80 


The  number  of  these  experiments  is  altogether  too  few  to  furnish  a 
basis  for  even  the  most  general  statement  ;  however,  when  taken  in 
connection  with  the  more  extended  Watertown  tests  it  is  clear  that 
they  show  a  marked  tendency  to  bear  out  the  contention  that  adhesive 
power  and  tensile  strength  are  the  prime  requisites  for  a  first  class 
mortar. 

The  increase  in  efficienc}^  of  the  piers  containing  the  netting,  and 
the  decrease  in  the  piers  containing  the  plates  and  straps  is  exactly 
what  might  have  been  predicted  from  a  study  of  the  Watertown  tests. 
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Both  the  netting  and  the  plates  seemed  to  control  the  method  of 
failure  of  the  pier  to  a  great  extent,  as  there  was  a  marked  absence  of 
the  longitudinal  splitting  which  is  the  persistent  characteristic  of  the 
pier  constructed  with  clear  mortar  joints.  In  nearh'  every  case  the 
netting  was  broken  by  tension  in  the  direction  of  both  sets  of  wires, 
but  in  only  one  case  (Pier  11)  were  the  plates  affected. 

Tests  for  compression  of  the  masonr}^  were  made  on  six  of  the  piers 
and  the  results  are  tabulated  below.  Two  micrometer  rods  were  used, 
each  56  inches  long  and  were  placed  on  opposite  sides  of  the  pier. 
The  average  of  the  simultaneous  readings  was  taken  to  compute  the 
amount  of  shortening.  In  all  cases,  the  initial  load  on  the  pier  was 
2000  pounds,  or  about  12  pounds  per  square  inch.  In  order  not  to 
disturb  the  plaster  of  paris  cushion  between  the  pier  and  cross-head 
when  the  pressure  was  released,  the  load  was  not  reduced  below  the 
initial  point,  but  it  was  reduced  to  the  initial  reading  after  each  read- 
ing of  the  micrometers. 

The  moduli  of  elasticity  were  determined  by  plotting  unit  stresses  as 
ordinates,  and  relative  compressions  as  abscissae  for  each  pier  ;  then, 
an  equalizing  line  was  drawn  through  the  origin,  and  the  tangent  of 
the  angle  of  inclination  of  this  line  to  the  horizontal  was  taken  as  the 
value  of  E  for  that  pier. 


TABLE  IV. 


No.  of 
pier. 

Nature  of  Joint. 

Compression  in  inches  in  measured  length 
of  56  inches  under  load  of 

Moduli  of 
elasticity, 
lbs.  per 
sq.  in. 

60000  lbs. 

100000  lbs. 

150000  lbs. 

175000  lbs. 

Wire  netting  every 

2d  course  .  _ 



0.0256 
0.0195 
0.0214 
0.0245 
0.0282 
0.0248 

0.0417 
0.0323 
0.0379 
0.0418 
0.0475 
0.0452 

0.0677 
0.0518 
0.0585 

994,000 
1 ,040,000 
960,000 
830,000 
680,000 
783,000 

9 

Wire  netting  every 
course  . 

0.0595 
0.0705 

10 

Wire  netting  every 
course   .  _ 

14 

Iron  plates  every 
4th  course 

13 
5 

Iron   plates  every 

4th  course 
Iron   straps  every 

6th  course.. 

0.0782 
0.0890 

0.0910 

These  results  show  that  the  shortening  of  the  piers  constructed  with 
wire  in  the  joints,  is  less  than  in  the  case  of  piers  with  plates  or  straps. 
This  is,  perhaps,  caused  by  the  fact  that  the  latter  do  not  prevent  the 
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tendency  of  the  pier  to  ' '  bulge  ' '  or  increase  in  cross-section  under 
stress.  It  is  to  be  noted  that  the  term  ".compression  "  as  used  in  this 
paper  really  means  "shortening"  and  that  there  could  be  no  true 
compression  unless  the  pier  was  laterally  restricted.  This  condition 
is  rudely  approximated  in  the  case  of  the  joints  of  netting  and  hence 
the  decrease  in  shortening  is  partially  accounted  for.  Whether  or  not 
this  restriction  is  sufficient  to  fully  account  for  the  difference  can  not 
be  predicated  on  the  number  of  tests  made.  It  would  be  comparativel}^ 
-easy  in  future  tests  to  give  attention  to  this  factor. 

The  foregoing  Table  (Table  V.)  gives  a  condensed  summary  of  the 
records  of  the  tests,  and  shows  the  comparative  shortening,  efficiencies, 
and  moduli  of  elasticity. 

Preparations  are  now  being  made  for  the  construction  of  an  addi- 
tional series  of  brick  piers,  to  be  tested  in  the  College  laboratories.  In 
their  construction  especial  care  will  be  exercised  to  determine  definitely 
everything  that  may  be  of  interest  or  value  with  reference  to  the 
nature,  quality  or  condition  of  the  material  used.  It  is  hoped  that  the 
results  may  be  of  special  value. 


INVESTIGATION  OF  THE  DISTRIBUTION  OF  PRESSURE 
ON  THE  BASE  OF  DAMS,  BY  TESTS  MADE  ON  AN 
ELASTIC  MODEL.* 


F.  K.  HALL,  '99. 
INTRODUCTION. 

The  attention  of  the  writer  was  first  called  to  this  matter  by  the 
article  of  Mr.  Francis  in  Vol.  19  of  the  Transactions  of  the  American 
Society  of  Civil  Engineers. 

He  there  giv^es  his  reason  for  believing  a  large  masonry  mass  to  be 
elastic  rather  than  perfectly  rigid,  the  assumption  on  which  masonry 
dams  are  designed.  Because  of  this  yielding  of  the  material  the  pres- 
sure on  the  base  is  more  evenly  distributed,  and  the  point  of  maximum 
pressure  is  thrown  back  farther  toward  the  center  of  the  base  line. 
Mr.  Francis  claims,  "  the  fundamental  principle  to  be,  that  different 
parts  of  the  mass  yield  unequally  to  pressure,  depending  on  the  oppor- 
tunity to  yield  laterally  to  the  direc- 
tion of  the  pressure,  the  effect  being 
to  transfer  pressure  from  the  parts 
yielding  more  easily  to  compression 
to  those  yielding  less  easily." 

According  to  the  deductions  from 
experiments  on  hand-.specimens,  the 
pressure  would  be  mainly  transferred 
from  the  down-stream  toe,  where  it 
is  a  maximum  theoretically,  to  the 
interior  of  the  base,  where  the  resist- 
ance due  to  pressure  is  much  greater 
due  to  lateral  support. 

The  usual  theoretical  distribution 
of  pressure  is  as  shown  in  Fig.  i  by 
the  ordinates  to  the  line  CS  while 
the  distribution  according  to  the 
above  theory  would  be  in  accordance 
with  the  ordinates  to  the  curve  C  V  T\ 
the  area  between  it  and  the  line  C  T 
being  equal  to  the  area  of  the  tri- 

*Abstract  of  Thesis  by  F.  F.  Hall,  Cornell  '99. 
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angle  CTS.  (In  this  figure  it  is  assumed  that  the  resultant  pressure 
cuts  the  base  at  the  extremity  of  the  "  middle  third.") 

Mr.  Francis  says  that  he  is  unable  to  give  the  exact  form  of  the 
curve,  but  that  some  of  its  characteristics  are  : — the  ordinates  at  C  and 
T  must  be  small  :  the  maximum  ordinate  must  be  less  than  7"^,  and 
be  either  within  or  near  the  middle  third  of  the  base.  The  curve  CVT 
has  these  characteristics  and  is  composed  of  the  quadrants  CFand  VT 
of  two  ellipses,  the  common  ordinate  HV  at  the  intersection  of  the  re- 
sultant      with  the  base  CT  being  0.6366,  TS  being  taken  as  unity. 

It  will  be  understood,  that  the  curve  CVT  is  given  only  as  an  illus- 
tration of  the  distribution  of  the  pressure  according  to  the  theory 
advanced,  and  with  no  pretension  to  precision,  either  as  to  the  distribu- 
tion of  pressure  or  the  determination  of  the  point  where  the  pressure  is 
a  maximum. 

The  object  of  this  experiment  or  test  is  then  to  determine  the  charac- 
ter of  this  curve  of  pressure  and  its  peculiar  features.  By  character  is 
not  meant  its  exact  form,  or  the  derivation  of  any  equation  for  its 
accurate  determination,  but  merely  the  general  governing  principles 
and  proportions. 

DESCRIPTION  OF  APPARATUS. 

Many  different  methods  of  measuring  the  pressure  on  the  base  of 
the  model  and  also  of  producing  the  water  pressure  or  its  equivalent  on 
the  face  were  considered  ;  and  some  of  them  worked  out,  until  an  un- 
surmountable  obstacle  or  a  better  method  presented  itself. 

The  apparatus  for  measuring  the  pressure  on  base  as  finally  con- 
structed is  shown  in  Figs.  2,  3,  4.  Fig.  3  also  shows  the  method  of 
applying  pressure  to  the  face  of  the  model.  This  part  of  the  apparatus 
will  be  described  later. 

The  base  on  which  the  model  rested  was  composed  of  boards 
\"  x  3"  X  4'  6"  glued  together  into  a  solid  piece  12"  x  3"  in  section  so 
as  to  prevent  the  warping  that  would  be  liable  to  occur  in  a  plank  of 
the  same  section.  The  upper  surface  of  this  base  (on  which  the  model 
rested)  was  carefully  dressed  to  a  true  plane  surface.  The  size  of 
model  as  first  intended,  and  according  to  which  this  apparatus  was  de- 
signed, was  base  21.6"  x  8",  height  25.8". 

In  the  top  of  this  base-board  23"  from  one  end,  a  slot  \"  wide  was 
cut  across  at  right  angles,  into  which  fitted  the  key  (^)  having  a  ver- 
tical play,  and  just  prevented  from  coming  in  contact  with  the  sides  of 
the  slot  by  ball-bearings  as  shown  at  B  (Figs.  2  and  3)  running  be- 
tween hard  wood  facings. 
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These  bearings  were  only  placed  on  the  side  of  the  key  toward  the 
down-stream  toe  of  model,  as  the  water  pressure  would  cause  the 
model  to  shove  the  key  in  that  direction.  The  balls  extended  equal 
distances,  above  and  below  the  plane  of  the  base-board,  so  as  to  prevent 
any  tendency  of  the  key  to  twist  and  bind  in  the  slot.    Attached  to  the 
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ends  of  this  ke}^  by  means  of  screw-eyes  (C  Fig.  3)  were  two  strings 
about  three  feet  long  extending  up  to  a  strip  of  wood  (Z>)  parallel  to 
the  key  below.  (At  first  stiff  wire  rods  were  used,  but  they  were 
given  up  for  flexible  strings  as  they  caused  the  key  to  turn  and  bind  in 
the  slot,  unless  kept  perfectly  vertical.) 

The  strip  (Z?;  was  suspended  from  its  middle  by  a  string  running 
up  to  the  spiral  spring  as  shown  in  Fig.  3.  The  weight  of  model  was 
calculated  in  advance  to  be  between  95  and  100  lbs.  from  the  known 
cubic  contents,  and  the  specific  gravity  of  the  material,  as  determined 
from  a  sample.  If  this  pressure  were  evenly  distributed  along  the 
base,  the  pressure  on  the  kej^  wherever  the  model  should  be  placed  on 
the  base-board,  would  be  equal  to  the  weight  of  the  model  -7-  21.6,  or 
4.12  lbs.  If  the  resultant  pressure  of  the  water  and  weight  of  model 
does  not  pass  outside  the  middle  third  of  the  base,  the  maximum  pres- 
sure that  could  be  caused  would  be  twice  the  average,  or  9.25  lbs. 
The  spring  must  then  be  prepared  to  measure  about  10  lbs.  For 
safety,  a  spring  was  ordered  that  would  stand  a  pull  of  15  lbs.  without 
injury,  and  giving  an  elongation  per  pound  of  not  less  than  i".  Its 
total  length  when  elongated  by  a  15  lb.  pull  was  not  to  exceed  three 
feet.  This  limit  in  length  was  fixed  by  the  head-room  allowable  for 
setting  up  the  apparatus. 

After  much  trouble  in  obtaining  a  .spring  made  as  ordered,  and  after 
many  delays,  a  suitable  tempered  steel  spring  was  finally  obtained  from 
the  Miller  &  Van  Winkle  Co.,  manufacturers  of  steel  wires  and  steel 
springs,  of  Brooklyn,  N.  Y.  Dimensions  of  this  spring  are  given  in 
Fig.  3.  It  was  carefully  calibrated  by  the  writer  so  that  it  could  be 
read  directly  to  tenths  of  a  pound  and  estimated  to  hundredths.  Two 
brass  arms  were  soldered  to  either  end  of  the  .spring  as  shown  ;  the 
upper  one  acting  as  a  support  to  a  paper  scale  kept  straight  by  a 
weight  attached  to  its  bottom,  and  the  lower  arm  acting  as  a  pointer 
for  reading  scale  and  guide  for  it  to  slide  in.  Due  to  the  manner  of 
attaching  the.se  arms,  it  was  found  that  their  angle  with  the  axis  of 
the  .spring  was  altered  if  the  string  attached  to  the  rings  at  the  ends  of 
the  .spring  were  shifted  even  a  trifling  amount  along  the.se  rings  ;  and 
thus  a  variation  in  the  reading  of  the  .scale  was  produced.  To  prevent 
this,  a  short  piece  of  flexible  copper  wire  was  soldered  to  each  ring 
and  the  .strings  attached  to  these  wires  ;  the  .spring  being  then  recali- 
brated. 

The  .string  supporting  this  .spring  ran  over  a  pulley  in  the  ceiling 
vertically  over  the  center  of  the  key  {  A  )  and  thence  to  a  cleat  at  a 
convenient  point  near  at  hand.    Between  the  pulley  and  the  cleat  the 
3 
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string  was  broken  and  a  turn-buckle  inserted  for  making  the  final, 
slow  and  careful  adjustment  before  taking  the  reading  of  the  spring. 
Needle  points  were  attached  to  the  base-board  on  either  side  of  the 
slot  and  when  these  points  came  in  a  line  with  a  mark  made  on  the 
key  {A)  the  upper  surface  of  the  key  would  be  exactly  in  a  plane  with 
the  top  of  base-board,  and  the  spring,  if  read,  when  this  adjustment 
was  made  would  give  the  pressure  on  the  base  of  the  model  at  the 
point  under  which  the  key  might  be  placed.  By  shifting  the  model 
along  the  base-board  any  portion  of  the  base  might  be  made  to  come 
over  the  key  and  the  pressure  at  that  point  determined. 

The  apparatus  finally  adopted  for  producing  approximately  the 
equivalent  water  pressure  on  the  model  consisted  (see  Fig.  3)  of  a 
vertical  trough  mounted  on  runners,  .sliding  in  guides  at  the  sides  of 
the  base-board.  The  face  of  this  trough  toward  the  model  was  made 
of  rubber  sheet  as  shown  by  heavy  lines  in  Figs.  2,  3,  and  4.  This 
sheet  was  confined  on  the  sides  by  a  sliding  board  {E)  whose  edges 
were  cut  to  .such  a  curve  (determined  by  trial)  as  to  just  come  in  con- 
tact with  the  face  of  the  model  when  distorted  by  the  water  pressure, 
and  thus  prevent  the  rubber  from  bulging  out  between  model  and  side- 
boards. As  the  ideal  water  pressure  (computed  later)  was  less  than 
that  of  water,  the  mtensity  of  pressure  of  the  water  against  model  was 
reduced  by  in.serting  a  number  of  thin  slats  glued  to  a  piece  of  un- 
bleached muslin,  (as  shown  at  F,  in  Figs.  2,  3,  4)  between  the  rubber 
sheet  and  the  model.  The  width  of  the  rubber  sheet  limited  by  the 
boards,  E,  in  contact  with  the.se  slats  was  less  than  the  width  of  the 
model,  and  thus  the  intensity  of  the  water- pre.ssu re  on  the  face  of  the 
model  was  reduced,  since  the  pressure  of  the  water  through  the  medium 
of  the  slats  was  distributed  over  a  greater  area.  The  slats  formed  a 
sheet  flexible  in  a  vertical  direction  and  rigid  in  a  horizontal.  In 
making  a  measurement,  the  model  was  first  placed  in  po.sition  on  the 
base-board,  and  the  trough  then  run  up  and  pressed  against  the  model 
(the  slats  finst  having  been  placed  between  model  and  trough)  until 
the  curve  of  the  .sideboards  was  nearly  in  contact  with  face  of  model 
from  top  to  bottom.  Water  was  then  let  into  the  trough  through  a 
rubber  tube,  as  shown,  until  it  reached  the  height  of  the  model.  The 
whole  trough  was  then  moved  forward  again  until  the  sideboards  would 
just  miss  making  contact  with  slats,  but  close  enough  to  them  to  pre- 
vent the  rubber  from  bulging  out  between.  It  was  necessary  to  clamp 
the  trough  in  this  position  as  the  pressure  of  the  water  reacting  against 
the  face  of  model  would  have  caused  the  trough  to  slide  backward  and 
destroy  the  adjustment.    The  height  of  the  water  in  the  trough  was 
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kept  constantly  at  a  level  with  the  top  of  the  model.  The  key  was 
then  adjusted  and  the  spring  read  ;  after  which  the  water  was  drawn 
off  from  the  trough,  the  model  shifted,  and  the  whole  operation  re- 
peated for  the  new  position. 

COMPOSITION  OF  THE  MATERIAI.  OF  WHICH  THE  MODEI.  WAS  MADE. 

It  was  required  that  this  material  should  be  perfectly  elastic,  that  it 
should  giv^e  a  distortion  capable  of  measurement  by  the  apparatus  used 
and  yet  be  sufficiently  firm  to  stand  alone  and  support  the  pressure  on 
its  face.  The  material  that  was  chosen  seemed  to  be  the  best  at  com- 
mand that  could  be  cast  into  the  required  shape  and  fill  the  above  re- 
quirements.   This  material  is  that  used  in  making  printers'  rollers. 

After  trial  of  many  formulae,  the  following  was  finally  adopted,  as 
the  most  satisfactory  : — 

Glue  2  parts  by  weight. 

Molasses  (black)  4    "      "  " 

Water  5    "  " 

These  were  mixed,  allowed  to  stand  till  all  water  was  absorbed,  then 
cooked  two  hours. 

DESIGN  AND  CASTING  OF  MODEI.. 

The  original  intention  of  the  writer  had  been  to  use  a  model  of  the 
same  section  as  that  of  the  proposed  Quaker  Bridge  Dam,  as  being 
generally  admitted  to  be  a  modern  design  of  the  best  description.  The 
mould  for  this  model  was  made  of  wood,  which,  however,  warped  and 
leaked  when  the  hot  fluid  was  poured  into  it,  thus  spoiling  the  first 
casting. 

A  new  mould  was  made  of  tin  with  all  soldering  on  the  outside. 
This  mould  was  then  encased  in  a  wooden  frame  to  give  rigidity.  On 
further  consideration  of  the  matter  of  the  section  to  be  adopted  for  this 
new  model,  it  seemed  best,  that  for  the  purpose  of  this  experiment,  a 
triangular  or  trapezoidal  section  would  be  better,  as  the  theoretical  and 
actual  distributions  of  pressure  could  be  more  easily  traced  and  more 
.satisfactorily  compared.  The  section  was  designed  so  that  the  result- 
ant pressure  would  pass  through  the  extremity  of  the  middle  third  of 
the  base,  thus  giving  a  distribution  of  pressure  over  the  whole  base. 
The  dimensions  were  as  follows  :  (Fig.  5)  h'  =  25",  b"  =  2",  b'  =  15", 
and  thickness  =  8"  ;  the  mould  being  built  up  several  inches  higher  to 
allow  for  shrinkage  of  material  in  cooling,  this  surplus  to  be  cut  off 
after  hardening.    The  writer  found  that  previous  experiments  with 
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the  samples  tried,  in  which  the  time  of  cooking  was  accurate!}^  noted, 
were  valueless  when  applied  to  large  boilers  in  which  cooking  took 
place  more  slowl}'.  As  the  material  required  several  hours  to  set,  the 
method  of  experimenting  as  the  cooking  progressed  was  impracticable. 
The  only  means  at  command  was  the  unnatural  and  unsatisfactory  one 
of  pouring  a  small  tin-full  out  of  the  large  boilers,  and  placing  the  tin 
on  ice  ;  when  the  material  would  harden  in  a  few  minutes,  but  lose 
firmness  on  warming  up,  and  did  not  give  a  fair  indication  of  what  the 
ultimate  firmness  would  be.  The  material  was  cooked  three  hours, 
when  it  was  tliouglit  to  be  right,  but,  on  removing  the  casting  after 
two  days,  it  lacked  sufficient  firmness  to  stand  upright.  The  model 
was  allowed  to  lie  on  its  side  for  five  days,  as  previous  .samples  had 
hardened  considerably  in  the  first  few  days  after  making,  but  it  .still 
refu.sed  to  stand,  though  of  the  .same  firmne.ss  as  a  sample  having  the 
same  proportionate  dimensions  that  would  .stand.  This  was  owing  to 
the  greater  pressure  on  the  base  of  the  large  model,  due  to  its  own 
weight. 

As  both  time  and  means  at  the  command  of  a  student  for  his  thesis 
work  are  limited,  it  became  neces.sary  to  make  this  model  .serve,  or 

throw  up  the  experiment.  The  mod- 
el was  therefore  cut  down  to  a  small- 
er .size  with  a  proportionately  larger 
base.  These  new  dimen.sions  were 
(Fig.  5)  b"  =  I",  h'=  i^\b'=  II", 
width  =  6>^."  This  gives  the  cubic 
contents  as  585  cu.  in.,  and  the  com- 
puted weight  using  the  heaviness  of 
.045  lbs.  per  cu.  in.  (from  specific 
gravity  of  sample)  as  26.325  lbs. 
which  checked  with  the  actual  weight.  These  dimensions  give 
a  trapezoidal  distribution  of  theoretical  pressure,  the  bases  of  the 
trapezoid  being  nearer  equal  than  would  have  been  desirable,  (see 
later  computations  for  theoretical  di.stribution  of  pressure)  but  a  shorter 
ba.se  was  to  be  deprecated  as  that  would  have  increased  the  ratio  of 
the  wadth  of  the  key  to  the  length  of  the  ba.se  ;  whereas  it  was 
desirable  to  have  this  ratio  as  .small  as  possible.  It  was  also  necessary 
not  to  make  the  length  of  base  too  small  in  proportion  to  the  height 
of  model  in  order  to  have  the  material  stand  upright. 


J //'///  ////// 
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DESCRIPTION  OF  METHOD  OF  MAKING  EXPERIMENTS. 

The  model  was  placed  on  the  base-board  of  the  apparatus  so  that  the 
sides  of  the  base  came  in  contact  with  two  parallel  lines  drawn  on  the 
surface  of  the  base-board  from  end  to  end,  equidistant  from  its  center 
and  6}^"  apart  (the  width  of  base  of  model).  The  model  was  moved 
along  between  these  lines,  until  the  slot  was  just  under  the  upstream 
toe  of  model,  and  yet  entirely  covered  by  model.  The  apparatus  for 
producing  water  pressure  on  model  was  then  adjusted,  and  the  pressure 
applied  as  previously  described. 


TABLE  A. 


SPRING  READING  IN  POUNDS. 

Ordinates  to 
actual  distribu- 
tion curve  in 
inches 
%  lb.  =  i". 

Ordinates  by 
calculation  to 

Ordinates  to 
ellipses  obtained 
by  calculation 
from  the  formu- 
la for  ellipse, 
semi-axes  being 
given. 

NUMBKK 

Friction 
against 
Spring. 

Friction 

with 
Spring. 

Average . 

theoretic 
trapezoid 
in  inches 
^  lb.  =  I". 

. 

1.25 

0.96 



1.005 

2.01 

3.1381 

2.246 

2 

1-55 

1-45 

1.500 

3.00 

3.3028 

3.I18 

3 

1.88 

1.80 

1.840 

3.68 

3.4677 

3.747 

4 

2.14 

2.06 

2.100 

4.20 

3-6325 

4.240 

5 

2.44 

2-34 

2.390 

4.78 

3-7974 

4.642 

6 

2.57 

2.50 

2.535 

5.07 

3.9622 

4.975 

7 

2.69 

2.63 

2.660 

5-32 

4.1270 

5-253 

8 

2.78 

2.68 

2.720 

5-44 

4.2919 

5.483 

9 

2-93 

2.83 

2.880 

5-76 

4.4567 

5.671 

lO 

2.97 

2. 89 

2  930 

5-86 

4.6215 

5.821 

II 

3.02 

2.94 

2.980 

5.96 

4.7864 

5.937 

12 

3.02 

2.96 

2.990 

5-98 

4.9512 

6.021 

13 

3-05 

3.00 

3-025 

6.05 

5.1160 

6.072 

14 

3-07 

3.01 

3.040 

6.08 

5.2808 

6.088 

15 

3-05 

2.98 

3.015 

6.03 

5.4457 

6.062 

i6 

2.97 

2.90 

2-935 

5.87 

5.6105 

5.930 

17 

2.96 

2.88 

2.920 

5.84 

5.7753 

5.688 

i8 

3-76 

2.66 

2.710 

5.42 

5.9402 

5.322 

^9 

2.45 

2.37 

2.410 

4.82 

6.1050 

4.804 

20 

2.05 

1.99 

2.020 

4.04 

6.2698 

4.075 

21 

1-39 

r.32 

J -355 

2.71 

6.4346 

2.985 

The  key  was  then  raised  by  pulling  on  the  string,  running  over  the 
pulley  in  ceiling  and  down  to  the  spring,  until  the  scratches  on  the  end 
of  the  key  came  nearly  in  line  with  the  needle  point,  care  being  taken 
not  to  pass  these  lines.  The  string  was  then  fastened  to  the  cleat,  and 
the  key  raised  slowly  by  means  of  the  turn-buckle  until  the  scratches 
came  exactly  in  line  with  the  needle  point,  when  the  spring  was  read 
and  noted  in  table  (.see  results  in  Table  A)  opposite  reading  No.  i  and 
in  the  column  headed  "  Friction  Against  Spring."  The  key  was  then 
raised  by  means  of  the  turn-buckle  until  it  pressed  up  into  the  ba.se  of 
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the  model  for  an  appreciable  distance,  when  the  key  was  again  slowly 
lowered  by  means  of  the  turn-buckle,  until  the  scratches  were  once 
'  more  in  line  with  the  needle  points.  The  spring  reading  again  noted 
and  entered  in  table  opposite  reading  No.  i,  and  in  the  column  headed 
'*  Friction  with  Spring."  The  water  was  then  drawn  off  from  the 
apparatus  for  producing  the  water  pressure,  which  was  then  undamped 
and  drawn  back,  and  the  model  moved  back  ^  the  width  of  the  key. 

This  was  determined  by  lines  drawn  parallel  to  the  edge  of  key  on 
the  base-board  at  the  required  intervals,  the  upstream  edge  of  the  base 
of  model  being  brought  successively  in  contact  to  these  lines  and  the 
spring  reading  taken  in- each  position  as  described  above.  In  this  way 
21  readings  were  obtained. 

DISCUvSSION  OF  REvSUI.TS  AND  THE  CHARACTER  OK  THE  CURVE  OBTAINED. 

In  plotting  the  curve  of  pressure  (see  Fig.  6)  the  axis  or  base  was 
taken  ii  in.  long  (full  size),  and  the  force  scale  of  >^  lb.  to  i  in. 
adopted  for  plotting  the  ordinates.  The  ordinates  plotted  were  the 
average  of  the  two  spring  readings  obtained  for  each  position  of  the 
model,  and  were  plotted  at  the  position  along  the  base  line  occupied  by 
the  center  of  the  kej'  at  the  time  of  obtaining  that  specific  reading  or 
ordinate. 

These  ordinates  were  thus  apart  (shown  in  Fig.  6  by  vertical 
lines,  Nos.  i  to  21,  terminated  by  small  circles).  Through  the  ex- 
tremities of  the  longest  ordinates  (Nos.  11  to  16)  a  smooth  curve  was 
passed  then  a  horizontal  tangent  to  this  curve  drawn,  and  the  point  of 
tangency  noted.  This  would  be  the  position  of  the  maximum  ordinate, 
HV,  or  point  of  maximum  pressure  on  the  base.  The  length  of  this 
ordinate  and  its  distance  from  the  left  end  of  base  line  were  then 
measured,  and  found  to  be  HV=^  6.08  in.  and  HC  =  7.1  in.  Assum- 
ing that  the  curve  of  pressure  is  composed  of  two  quadrant  ellipses 
with  their  common  ordinate  the  maximum,  as  suggested  by  Mr. 
Francis,  we  should  then  have  given  one  of  the  semi-axes  of  each 
ellipse  equal  to  this  maximum  ordinate  HV while  the  sum  of  the 
other  two  axes  is  equal  to  the  length  of  the  base  line,  and  the  sum  of 
the  areas  of  the  two  quadrants  is  equal  to  the  area  of  the  theoretical 
trapezoid  of  pressure  drawn  to  the  same  scale  (^  lb.  to  i  in.). 

This  area  must  represent  the  total  weight  (G)  of  the  model  or 
26.325  lbs.,  and  as  the  force  scale  is  ^  lb.  to  i"  this  area  will  be  52.65 
sq.  in. 
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2.       5       t-       S-      6       7       V  f 


Let  (2j  and  denote  the  semi-major  and  -minor  conjugate  axes  of 
the  left  quadrant  elHpse  ;  (see  Fig.  i)  and 

a  and  b  those  of  the  right  quadrant  elHpse.  We  then  have  as  the 
area  of  the  left  quadrant  ellipse,  yi^  ir  a^  b^. 

For  the  right  quadrant  ellipse, 

area  =  )^ir  a  b  . 

Their  sum  =      it  (^a^  b ^  ■\-  ab)  ; 

Which  must  equal  the  area  of  the  theoretic  trapezoid  or  =  52.65  sq.  in. 
Then,  as  b^  =  a, 

We  have  %    a  {a^  -\-  b)  =  52.65 

And  a  =  52.65  X_4 

TT  {a^  +  b) 

But  +  ^)  =  II. 

Hence  a  =  6.09414"  ; 

i.  e.,  if  the  distribution  of  pressure  is  as  Mr.  Francis  suggests,  the 
maximum  ordinate  .should  be  equal  to  6.09414".  The  mea.sured  ordi- 
nate, HV,  (6.08),  is  then  o.  1414"  too  small,  which  little  discrepancy 
could  be  ea.sily  accounted  for  by  inaccuracies  in  apparatus  (almost  too 
small  to  be  .seen  in  plotting). 

In  determining  this  maximum  ordinate  {a),  its  exact  location  on  the 
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base  line  is  not  necessary  in  the  computations,  as  {a)  and  (^)  are  not 
separately  involved,  but  their  sum  -f-  ^)  which  is  known  to  be 
equal  to  the  length  of  base  line. 

The  semi-axes  of  these  quadrant  ellipses  are  therefore  determined,  viz.  : 

rt,  =  7.  i"  =  6.094" 

rt  =  6.094"  <^=3-9"; 

and  by  the  use  of  the  equations  to  the  two  ellipses  the  ordinate 
for  any  .r  can  be  computed,  and  the  curve  was  thus  constructed 
as  shown  in  Fig.  6.  The  values  of  those  ordinates  occurring  at 
the  points  No.  i,  2,  3,  etc.,  where  the  ordinates  obtained  from  ex- 
periment are  plotted,  were  determined  and  noted  in  the  last  column  of 
Table  A. 

This  curve  as  seen  from  Fig.  6,  comes  as  near  being  the  average 
mean  curve  passing  through  the  small  circles  as  any  that  could  be 
drawn,  except  one  that  would  pass  through  the  last  circles  at  either 
end,  but  this  would  not  be  as  near  the  true  curve  of  pressure  as  the 
one  drawn,  though  it  might  be  a  better  curve  for  the  points  located  ; 
for  the  following  reason  : — 

Each  ordinate  as  determined  by  experiment  represents  the  area  of  a 
strip  \"  wide,  /.  e.,  it  represents  the  mean  ordinate  for  that  strip.  Now 
the  mean  ordinate  in  a  strip  bounded  by  an  ellipse,  as  in  this  case,  oc- 
curs not  at  the  middle,  but  nearer  the  shorter  side  ;  consequently  if 
these  ordinates  at  the  ends  of  base  were  each  shifted  out  towards  the 
ends  a  little,  until  they  occupied  the  positions  of  the  true  mean  ordi- 
nates, they  would  come  very  much  nearer  to  the  curve  as  drawn. 

DETERMINATION  OF  THE  THEORETIC  TRAPEZOID  OF  PRESSURE. 

It  was  found  roughly  by  means  of  graphics  that  the  resultant  pres- 
sure for  the  final  section  of  model  would  pass  through  the  middle  third 
of  the  base,  and  hence  n  would  be  less  than  \. 

We  therefore  use  formulas  (i^?')  and  (2'),  pages  559  and  560  of 
Church's  Mechanics,  for  obtaining  the  accurate  values  of  71  (ratio  of 
w  r  to  C7"in  Fig.  6)  and  p (maximum  pressure  per  unit  area). 

The  following  values  were  obtained  : — 

n  =  0.0613. 

=  0.50765  lbs.  per  sq.  in. 

p  =  ^    (mean  unit  pressure)  =  26.325/  11  X6.5  =  0.36818  lbs.  per 
b  I 

sq.  in. 

p^  =  2p  —  />,,j,  (minimum  unit  pressure)  =  0.22871  lbs.  per  sq.  in. 
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The  bases  of  the  theoretical  trapezoid  would  then  be,  in  inches,  13 
times  the  above,  as  the  base  of  model  is  6}^"  wide  and  the  force  scale 
y^z  lb.  to  i".  This  gives  the  ordinate  at  the  heel  as  6.6"  and  at  the  toe 
2.97  in.  The  trapezoid  CAST  shown  in  Fig.  6  was  constructed  ac- 
cordingly. 

The  slope  of  this  theoretic  line  of  pressure-  was  determined,  and 
from  it  the  values  of  the  ordinates  to  the  trapezoid  at  points  No.  i,  2, 
3,  etc.  computed  (noted  in  next  to  the  last  column  of  Table  A). 

Taking  up  the  characteristics  of  this  curve,  and  comparing  them 
with  those  stated  by  Mr.  Francis  we  find  that  the  ordinates  at  C  and  T 
are  small,  that  the  maximum  ordinate  //"F  is  less  than  and  is  within 
the  middle  third  of  the  base  (in  this  case,  however,  as  the  theo- 
retical resultant  pressure  should  by  design  come  at  the  extremity  of 
the  middle  third,  the  maximum  pressure  HV  would  in  all  probability 
fall  outside  the  middle  third  of  the  base,  though  near  to  it) .  The  curve 
C FT" is  composed  of  two  quadrant  ellipses,  CFand  VT,  the  common 
ordinate  //F being  the  maximum. 

Mr.  Francis  does  not  attempt  to  locate  the  position  of  the  maximum 
ordinate  but  suggests  that  it  would  in  all  probability  come  within,  or 
near,  the  middle  third,  and  most  likely  at  the  direct  point  where  the 
theoretical  resultant  pressure  cuts  the  base. 

The  maximum  ordinate  of  the  curve  in  Fig.  6  falls  quite  a  little  in 
advance  of  the  point  R  where  the  theoretical  resultant  pressure  cuts 
the  base.  This  could  be  accounted  for  in  two  ways.  First  by  the  dis- 
tortion of  the  section  of  the  model  (caused  by  the  water  pressure)  the 
center  of  gravity  of  the  section  would  be  moved  out  toward  the  toe 
with  a  corresponding  outward  movement  of  the  point  of  the  theoretical 
resultant  with  the  base.  Secondly,  the  material  not  being  perfectly 
elastic,  but  having  some  rigidity,  the  point  of  maximum  pressure 
would  be  thrown  out  toward  the  toe  to  a  certain  extent  dependent  upon 
this  amount  of  rigidity. 

However,  in  order  to  determine  this  maximum  pressure  ;  provided 
that  the  distribution  curve  is  composed  of  two  quadrant  ellipses  as 
stated  above,  and  as  seems  to  be  the  case  from  the  result  of  this  ex- 
periment ;  it  is  not  necessary  to  locate  its  position  along  the  base  since 

the  formula,  a  =  ^     for  its  determination  does  not  involve  its 

TT{^a^-\-b) 

location,  its  value  being  dependent  only  upon  the  total  weight  of  model 
and  width  of  base,  varying  directly  with  the  weight  and  inversely  with 
the  width. 

If,  then,  the  section  of  a  dam  is  designed  so  as  to  prevent  overturn- 
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ing  by  giving  it  a  factor  of  safety  of  2  (2.  e.,  the  theoretic  resultant 
pressure  must  not  pass  outside  the  middle  third)  the  crushing  strength 

of  the  material  will  not  be  reached  until  ^      is  equal  to  the  crushing 

TT  b' 

strength  of  the  material.    The  maximum  pressure  in  this  case  is  of 

TT 

the  theoretical  maximum,  a  ratio  less  than  unity  ;  hence  the  crushing 
strength  of  the  material  does  not  become  a  governing  factor  until  a 
considerabl}'  greater  height  is  reached.  If  it  is  admitted  that  a  pile  of 
stone  will  not  crush  from  its  own  weight  if  uniformly  distributed  over 
its  base  when  of  no  greater  height  than  that  reached  by  any  engineer- 

ing  structure,  then  as  ^      is  only  1.27  times  G\b' ,  (the  uniform  pres- 
TT  b' 

sure)  and  as  the  location  of  this  intensity  of  pressure  is  near  the 
middle  of  the  mass  where  it  has  con.siderable  lateral  support,  it  might 
possibly  be  permissible  to  di.sregard  the  crushing  strength  of  the 
material  entirely  in  the  design  of  masonry  dams. 


PLATE  II. 


WINDMILL  POWER. 


E.  C.  MURPHY,  C.E.,  '84,  FELLOW  IN  CIVIL  ENGINEERING,  CORNELL  UNIVERSITY. 

Wind  is  the  most  abundant,  and  at  the  same  time,  most  unsteady 
and  unreliable  of  nature's  sources  of  power.  It  is  everywhere  present, 
varying  in  velocity  from  the  gentlest  breeze,  to  the  hurricane  of  75  to 
100  miles  per  hour.  Its  velocity  is  seldom  uniform  even  for  one 
minute.  Measurements  with  light  paper  anemometers,  registering 
each  10  seconds,  show  that  it  varies  in  magnitude  in  a  few  seconds  by 
several  hundred  per  cent.    It  is  also  constantly  varying  in  direction. 

Not  only  has  it  this  gusty,  unsteady,  character,  but  for  days  at  a 
time  its  velocity  may  be  so  small  that  even  the  most  lightly  loaded 
windmill  will  do  no  work.  The  power  of  a  windmill  is  necessarily 
small.  The  heaviness  of  air  is  only  about  yoVo^  the  heaviness  of 
water,  so  that  for  a  given  velocity,  the  pressure  of  a  moving  column  of 
air  is  only  juinr  ^^^^  ^  column  of  water  of  the  same  area.  The  area 
of  the  wind  motor  must  therefore  be  very  many  times  larger  than  that 
of  the  water  motor  for  the  same  power. 

Wind  power  is  .seldom  utilized  by  civil  engineers.  The  power  which 
the  ordinary  windmill  will  furnish  is  so  small,  and  so  unreliable  that  he 
cannot  well  use  it  to  advantage.  It  is  better  to  use  a  more  reliable 
source — ga.soline  or  steam-engine — at  a  .somewhat  greater  cost.  The 
waterworks  engineer  in  selecting  a  motor  to  pump  water  for  a  town, 
may,  under  certain  conditions,  find  a  windmill  best  suited  to  his  pur- 
pose. Wind  power  is  cheap,  and  where  a  storage  tank  is  not  too  ex- 
pensive— and,  in  the  central  west — where  the  wind  velocity  is  greater 
than  in  the  east  (12  miles  per  hour  on  the  average,  as  compared  with 
8  miles  for  the  whole  United  States) — and  where  the  periods  of  calm 
are  short — a  windmill  may  be  used.  A  ca.se  of  this  kind  is  the  town 
of  Valley  Falls,  Kansas  ;  a  place  of  1200  population  ;  the  water  for 
which  has  been  pumped  by  the  windmill  .shown  in  Plate  II,  for  several 
years,  with  the  exception  of  two  months  per  year,  July  and  August, 
when  occasionally  a  traction  engine  was  employed  to  run  the  pumps. 

It  is  the  farmer  who  is  chiefly  interested  in  the  windmill.  It  is  to 
him  a  great  labor  saving  machine.  He  can  use  it  to  pump  water  for 
stock,  for  sprinkling  and  house  purposes,  and  if  he  need  it,  for  irri- 
gating purposes.  An  elevated  tank  will  .store  a  three  or  four  day's 
supply,  from  whence  it  is  distributed  to  watering  troughs  or  to  hydrants 


44         Association  of  Civil  Ejigineers  of  Cornell  Ujiiversity. 


conveniently  located  not  too  far  from  the  tank.  It  will  furnish  him 
power  for  shelling  and  grinding  corn,  cutting  fodder,  working  a  churn, 
a  saw,  or  any  small  machine  requiring  small  power.  It  will  also 
furnish  power  to  run  a  dynamo,  which,  with  the  aid  of  a  storage 
battery,  will  enable  him  to  light  his  home  with  electricity. 


Fig.  i.—Shozviug  Section  of  Dutch  IVindmill. 


he  European  windmill  differs  much  in  appearance  from  the  Ameri- 
mill.  The  windwheel  of  the  former  has  usually  four,  long,  wooden 
s,  to  each  of  which  is  attached  a  sail,  against  which  the  wind 
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presses.  The  sails  consist  of  a  frame  work,  on  which  canvas  is 
stretched,  forming  usnall}'  a  warped  surface,  the  angle  with  the  plane 
of  the  arms,  called  the  angle  of  weather,  being  about  7°  at  the  outer 
end,  and  18°  at  the  wind  end.  The  length  of  sail  was  usually  about  f 
the  length  of  the  arm  ;  the  width  at  the  outer  end  \  the  length,  and 
the  width  at  the  inner  end  \  the  length.  The  sail  area  is  seen  to  be 
small  compared  with  the  wind  area,  or  zone  containing  the  sails.  The 
arms  were  sometimes  60  ft.  long.  The  American  wooden  mill  is  much 
smaller  and  more  compact  than  the  European.  It  has  six  or  eight 
arms,  to  which  is  attached  a  framework  which  carries  many  small  sails. 
These  sails  are  usually  3  or  4  ft.  long,  3  or  4  inches  wide  at  the  outer 
and  I  to  3  inches  wide  at  the  inner  end  ;  and  set  at  an  angle  of  30°  to 
40°  to  the  plane  of  the  wheel.  For  large  wheels  these  sails  are 
arranged  in  two  or  more  concentric  rings.  The  American  steel  mill 
differs  from  the  wooden  mill  principalh^  in  having  larger  and  fewer 
sails  for  a  given  size  of  mill,  having  curved  instead  of  plane  sails,  and 
offering  less  resistance  to  the  passage  of  the  air  over  the  backs  of  the 
.sails.  There  is  seen  to  be  a  partial  return  in  the  sails  of  the  steel  mill, 
to  those  of  the  European  mill. 

Windmills  are  divided  into  two  classes,  pumping  mills,  and  power 
or  geared  mills.  In  the  pumping  mill  the  revolving  windwheel  gives 
a  reciprocating  motion  to  a  pump  rod,  which  in  the  wooden  mills  makes 
a  double  stroke  to  each  revolution  of  the  wind  wheel,  and  in  the  steel 
mill  only  one  stroke  to  every  2  to  4  revolutions.  In  the  power  mill 
instead  of  the  pump  rod,  there  is  a  vertical  rotating  shaft,  which  gives 
motion  to  the  grinder  or  other  machine  which  does  the  useful  work, 
and  which  makes  six  or  eight  rev^olutions  to  one  of  the  windwheel, 
that  is  the  pumping  mill  is  geared  back  from  i  to  4,  to  i,  .so  that  the 
wind  wheel  can  run  at  best  speed,  and  the  pump  not  work  so  rapidly 
as  to  be  injured,  and  the  power  mill  is  geared  forward  so  as  to  give  the 
grinder  a  sufficiently  high  .speed  to  do  its  work  to  advantage. 

A  reciprocating  pump  is  not  a  proper  load  for  a  wind  motor.  The 
work  per  stroke  of  the  pump,  or  pump  load,  is  nearly  constant  at  all 
piston  speeds.  The  range  of  pump  speed  is  not  very  great,  whereas 
the  range  of  wind  velocity  is  great.  If  the  pump  load  is  such  that  the 
pump  will  .start  in  a  7  mile  wind,  a  15  mile  wind  will  produce  the  maxi- 
mum piston  speed,  then  for  all  higher  wind  velocities  the  sail  area  must 
reduce  itself  .so  as  not  to  injure  the  pump.  The  effective  sail  area  con- 
stantly decrea.ses  as  the  wind  velocity  increases,  a  larger  and  larger 
amount  of  the  sail  area  is  wasted.  If  the  quantity  of  water  pumped 
per  stroke  could  be  increased  automatically  as  the  wind  velocity  in- 
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creased,  the  pumping  power  of  a  windmill  would  be  greatly  increased. 
There  is  not  this  loss  in  the  case  of  the  power  mill  in  grinding  corn. 
The  grinder  is  made  in  such  a  way  that  as  the  speed  increases  the 
amount  of  corn  which  enters  the  grinder  increases,  that  is,  the  load 
automatically  increases  with  the  wind  velocity.  Many  attempts  have 
been  made  to  vary  the  load  on  the  pump  with  the  wind,  but  they  have 
not  proved  a  success  in  practice. 


Fig.  2— Showing  Working  Parts  of  Pumping  Aermotor. 


PLATE  I. 


Windmill  Power. 
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The  power  of  windmills  has  in  most  cases  been  over-estimated,  or, 
perhaps  it  is  better  to  say  that  the  wind  velocity  in  which  a  given  size 
of  mill  will  produce  a  given  power  has  been  under-estimated.  This  is 
probably  due  to  the  fact  that  very  few  tests  of  windmills  in  actual  use 
have  been  made  in  which  the  wind  velocity  has  been  carefully  measured 
with  a  standard  anemometer.  Many  experiments  have  been  made  by 
Smeaton  and  Mr.  Thomas  O.  Perry,  on  model  windmills  moved  in 
still  air.  The  principle  being  the  same  as  rating  a  current  meter  in 
still  water.  But  the  conditions  were  quite  different  from  those  of 
actually  working  mills  in  gusty  wind.  The  laws  deduced  by  Smeaton 
and  Perry  for  their  small  wheels  carried  around  in  still  air  are  assumed 
to  be  true  for  mills  in  gusty  wind,  and  this  has  led  to  an  over-estimate 
of  their  power. 

It  is  difficult  to  make  comparative  tests  of  windmills  especially  pump- 
ing mills,  because  the  conditions  cannot  all  be  controlled  by  the  experi- 
menter without  great  expense.  The  pump  efficiency  must  be  deter- 
mined in  each  case,  the  mills  must  be  in  equally  good  working  order, 
the  lift  and  discharge  should  be  the  same,  as  well  as  the  atmospheric 
conditions. 

The  data  given  here  are  taken  from  the  writer's  experimental  tests 
of  windmills  made  for  the  U.  S.  Geological  Survey,  These  tests  were 
made  principally  on  windmills  in  good  working  order,  of  various  sizes 
and  makes — scattered  over  various  sections  of  Kansas.  They  are  not 
comparative  tests  since  the  conditions  were  not  the  same.  All  the  con- 
ditions affecting  the  working  of  each  mill  were  noted,  however,  and  by 
a  study  of  these  an  approximate  comparison  can  be  made  among  them. 
Space  will  not  permit  the  insertion  of  these  data  here,  they  will  appear 
later  in  a  government  publication. 

In  these  tests  the  wind  velocity  was  measured  with  a  Weather  Bureau 
cup  anemometer,  held  on  a  pole  at  the  height  of  the  axis  of  the  wind 
wheel  of  mill,  and  directly  in  front  of  it,  it  is  shown  in  Plate  I,  each 
half  mile  of  wind  movement,  and  each  loo  strokes  of  the  pump  were 
recorded  electrically  on  a  register.  From  these  the  piston  speed  or 
number  of  strokes  of  the  pump  per  minute  for  different  velocities  are 
found.  From  the  discharge  per  stroke  and  lift  or  the  distance  from  the 
surface  of  the  water  in  the  well  to  where  it  discharged  from  the  pump, 
the  power  was  found.  The  efficiency  is  the  ratio  of  the  useful  work 
done  to  the  energy  in  ft.  lbs.  of  the  cylinder  of  the  air  which  strikes 
the  sails.  This  efficiency  is  that  of  pump  and  mill  combined,  not  of 
the  mill  alone. 
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In  Table  I  some  data  are  given  of  the  working  of  pumping  mills. 
No.  2  is  the  mill  shown  in  Plate  I.  No.  3  is  like  that  shown  in  Fig.  2 
and  is  lightly  loaded.  Nos.  21  and  48  are  like  the  one'shown  in  Plate 
II.  .  The  effect  of  pump  load  can  be  easily  seen.  No.  25  is  very  lightlj^ 
loaded  and  gives  little  power  ;  it  pumps  water  for  stock.  No.  1 1  is  very 
heavily  loaded,  and  does  the  largest  amount  of  work  for^high  velocities 
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of  any  12  foot  mill  tested.  No.  48  is  the  largest  mill  tested  and  pumps 
water  for  the  town  of  Valley  Falls,  Kansas.  No.  21  is  a  direct  stroke 
wooden  mill. 

It  is  easily  seen  from  the  results  in  this  table  that  the  useful  work 
done  by  the  windmill  and  its  pump  in  common  use  is  small,  less  than 
^  of  a  horse  power  for  the  be.st  12  ft.  steel  mills  and  little  more  than 
one  horse  power  for  the  large  wooden  mills.  This  useful  work  increases 
with  the  wind  velocit}'  up  to  about  20  miles  per  hour  in  the  lightly 
loaded  mills  and  to  about  30  in  the  heavily  loaded  ones.  If  the  mill  is 
lightly  loaded,  it  will  start  in  a  comparatively  low  wind  velocity  six  to 
eight  miles  per  hour,  and  will  run  a  much  larger  part  of  the  time  than 
the  mill  that  is  heavily  loaded  ;  but  it  will  not  do  as  nuich  work  in 
velocities  of  12  or  more  miles  per  hour  as  a  mill  more  heavily  loaded. 
A  comparison  has  been  made  of  the  work  that  would  be  done  by  mills 
Nos.  3  and  1 1  at  Dodge,  Kansas,  in  the  six  months,  April  to  September, 
and  it  was  found  that  althougli  No  11  worked  on  the  average  only  51 
per  cent,  of  this  time,  it  would  do  26%  more  useful  work  than  No.  3 
which  worked  75  per  cent,  of  the  time.  In  the  Eastern  part  of  the  United 
States  where  the  wind  movement  is  less  than  on  the  great  plains,  the 
result  would  be  quite  different.  The  load  should  be  suited  to  the  wind 
velocity  of  the  locality'  where  the  mill  and  pump  are  to  be  used.  It 
depends,  too,  on  the  size  of  the  storage  tank.  If  this  tank  is  small,  the 
mill  must  be  lightly  loaded  so  as  to  fill  it  often,  if  large,  it  can  be  more 
heavily  loaded,  and  will  furnish  a  large  supply.  The  useful  work  done 
depends  on  the  efficiency  of  the  pump  which  may  be  anything  from  20 
per  cent,  to  80  per  cent. 

In  the  power  mill  this  pump  efficiency  is  absent,  and  the  load  on  the 
mill  can  be  easily  varied,  and  thus  the  efficiency  of  the  mill  at  different 
loads  can  be  found.  There  is  this  difficulty,  however,  the  wind  is 
varying  so  much  in  amount,  that  it  is  not  possible  to  get  directly  the 
maximum  power  of  the  mill  for  a  given  wind  velocity.  If,  for  example, 
the  load  is  such  as  to  give  the  maximum  power  in  a  15  mile  wind,  in 
half  a  minute's  time  the  velocity  may  be  20  miles  per  hour,  or  perhaps 
it  may  decrease  to  10  miles,  and  the  mill  stop  running.  Fig.  3  shows 
working  parts  and  foot  gear  of  mill  No.  27.  The  power  was  found  by 
the  use  of  a  Prony  friction  brake  on  a  pulley  at  (^a)  Fig.  4,  on  the  foot 
gear. 

Fig.  5  shows  the  indicated  horse  power  for  three  brake  loads  of 
2  lbs.,  4  lbs.,  and  6  lbs.  the  brake  arm  being  35^  inches  long.  The 
hor.se  power  is  found  from  the  formula. 
4 
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Fig,  4. — Showing  Foot  Gear  Fig.  3. — SJiowing  Working  Parts  of 

of  Aeromotor.  Pozver  Aeromotor. 


H  p  =  2 

33,000 

/=  length  of  brake  arm  =  2)5%  inches 
71  =  number  of  revolutions  of  brake  pulley  per  minute. 
P=  load  in  pounds  at  end  of  brake  arm 
33,000  =  foot  pounds  per  minute  for  one  H.P. 
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Velocity  of  wind  in  miles  per  hour, 
10  15  20 


Fig.       Showing-  Brake  Horse  Power  of  12  ft.  Aermotor  No.  2y. 

The  load  is  constant,  and  equal  to  2  lbs.  for  the  curve  C R,  it  is 
4  lbs.  for  the  curve  FS,  and  6  lbs.  for  the  curve  H  T.  These  curves 
are  tangent  to  the  dotted  curve  D  K,  which  is  the  curve  of  maximum 
power.  The  curve  A  D  gives  the  total  power  of  the  hollow  cylinder  of 
air  which  strikes  the  sails  of  the  windvvheel.  The  ratio  of  any  ordi- 
nate of  a  load  curve  to  the  corresponding  ordinate  of  the  curve  A  B  is 
the  efficiency  of  the  mill  for  that  velocity.  Thus  in  a  15  mile  wind 
the  efficiency  for  the  2  lb.  load  is  20  per  cent.,  for  the  4  lb.  load  it  is 
32  per  cent.    The  efficiency  decreases  as  the  wind  velocity  increases. 

The  power  of  wooden  windmills  as  we  have  found  them  in  use  in 
the  State  of  Kansas,  is  greatly  inferior  to  that  of  steel  windmills  of  the 
same  size.  Their  wind  wheel  speed  is  not  as  great  in  a  given  wind 
velocity  and  loading,  as  the  steel  mill.  Table  II  shows  the  speed  and 
power  of  one  of  them  No.  50  which  had  been  in  use  about  2  years, 
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and  was  apparently  in  first  class  order,  and  had  very  good  wind  ex- 
posure. This  table  also  shows  the  performance  of  two  12  ft.  steel 
mills,  Nos.  27  and  53,  and  that  of  16  ft.  steel  mill  No.  44. 
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Nos.  27  and  44  were  new,  No.  53  had  been  in  use  about  2  years,  but 
was  in  very  good  working  order.    They  all  had  good  wind  exposure. 
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The  power  of  the  wooden  mill  is  seen  to  be  about  one  half  that  of 
No.  53,  and  about  one  third  that  of  No.  27.  It  is  frequently  stated 
that  the  power  of  windmills  increases  as  the  squares  of  the  diameters 
of  the  wind  wheels.    Our  tests  do  not  verify  this  statement. 

Table  II  gives  data  for  two  new  mills.  Nos.  44  and  27  of  the  same 
make,  tested  at 'the  same  place,  one  16  ft.  in  diameter,  the  other  12  ft. 

in  diameter.    In  a  20  mile  wind  the  ratio  of  their  power  is  ^ -^=1.47. 

105 

J  =  1.78.     The  indi- 
cated powers  for  these  mills  is  as  the  1.34  power  of  the  diameters. 

A  12  ft.  steel  power  mill,  and  a  50  ft.  steel  tower  weighs  about 
2,000  lbs.  A  16  ft.  steel  mill  and  a  50  ft.  tower  weigh  about  4, 250  lbs. 
The  weight  of  the  16  ft.  outfit  is  more  than  twice  that  of  the  12  ft., 
and  its  power  is  only  about  1^2  (one  and  one  half)  that  of  the  12  ft. 
In  addition  to  this  the  12  ft.  governs  more  easily  than  the  16  ft.  and  is 
less  likely  to  be  injured  in  a  storm.  For  most  purposes,  therefore,  it  is 
better  to  use  two  12  ft  mills  than  one  16  ft. 


A  DESCRIPTION  OF  THE  INTERSECTION  OF  THE  CATA- 
RACT CONSTRUCTION  COMPANY'S  TUNNELS  AT 
NIAGARA  FALLS,  N.  Y. 

GEORGE  F.  SIMPSON,  C.E.,   '79,  M.AM.  SOC.  C.E. 

In  October,  1892,  the  writer  was  engaged  by  the  Cataract  Construc- 
tion Company  to  design  the  stone  work  at  the  intersections  of  its  power 
development  tunnels.  Before  his  arrival  a  plaster  of  paris  model  had 
been  made,  showing  a  proposed  change  of  shape  of  the  tunnels  at  the 
intersection  of  the  tunnel  from  the  first  power  house  with  the  main 
tunnel.  This  change  was  not  necessary  nor  was  it  desirable.  In  the 
intersections  designed  by  the  writer  no  change  of  shape  was  made  in 
any  of  the  intersecting  tunnels.  In  the  one  described  in  this  article 
it  was  necessary  to  furnish  the  working  drawings  in  the  least  time 
practicable. 

The  original  plan  of  the  company  was  to  construct  a  tunnel  near  the 
level  of  the  lower  river.  Several  mills  were  to  be  located  near  the 
head  of  this  tunnel  and  the  water  from  them  was  to  be  discharged  into 
it.  One  or  more  inlet  canals  were  to  supply  the  mills  with  water  from 
the  upper  river.  This  tunnel  is  probably  the  largest  covered  aqueduct 
that  has  ever  been  constructed  ;  it  has  a  carrying  capacity  estimated  at 
from  100  to  120  thousand  horse  power.  This  tunnel  is  horse-shoe 
shaped  with  the  toe  upward,  and  is  lined  throughout  with  four  courses 
of  brick.  The  invert  is  circular  in  .section,  as  are  all  the  other  parts, 
as  may  be  seen  from  the  accompanying  plate.  The  width  of  the  in- 
vert is  14.77  f^^t  ;  its  radius  26.9  feet,  and  therefore  its  versine  is 
0.936  feet.  The  side  walls  have  soffit  radii  of  29  feet  and  their  centers 
are  on  the  same  level  as  their  tops.  These  are  10.671  feet  above  the 
top  of  the  soffit  of  the  invert,  and  the  inside  of  the  tunnel  is  2.035  ^^^t 
wider  on  each  side  than  the  top  of  the  invert,  or  18.84  feet  wide.  The 
crown  arch  is  full-centered  with  a  radius  of  9.42  feet. 

The  development  of  electric  power  transmission  has  changed  the 
original  plan  from  a  separate  wheel  pit  for  each  mill  to  a  system  in 
which  the  power  is  generated  in  central  power  houses.  At  present 
there  is  but  one  mill  discharging  water  into  the  main  tunnel.  This 
mill  derives  between  six  and  seven  thousand  horse  powder  from  the  water 
discharged.    The  first  power  house  has  been  completed  with  a  capacity 
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of  50  thousand  horse  power  and  another  of  the  same  capacity  is  being 
constructed.  The  later  power  house  will  discharge  into  the  head  of 
the  main  tunnel. 


ERRATA. 

P.  56.  5th  line  from  top  insert  ,  between  invert  and  side  walls. 

P.  56    loth  line  from  bottom  insert  ,  after  where. 

P.  58  3rd  line  from  bottom  change  element  to  arris. 

P.  59-  On  end  templet  change  1A2  to  2A1.    Parentheses  apply  to  2A1. 
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[7itersecting  Arches  of  Wheel  Pit  and  Mai)i  Tiinjiels. 

The  water  from  the  first  power  house  is  discharged  iiiio  the  side  of 
the  main  tunnel  at  nii  angle  of  60  degrees  at  station  68  +  73.51  from 
the  portal.  The  intersecting  tnnnel  is  ol"  the  same  size  and  shape  as 
the  main  tunnel,  just  described.  It  was  made  so  large  that  other  wheel 
pits  might  be  di.scharged  through  the  l)oltom  of  this  one  if  desirable. 
Its  perimeter  is  formed  by  four  circular  curves,  which  make  at  the  in- 
ter.section  of  the  sohit  .surfaces  six  quoins,  each  a  part  of  a  different 
ellipse,  since  the  eleiiients  of  the  surfaces,  as  well  as  the  axis,  inter.sect 
the  corresponding  elements  and  axis  of  the  main  tunnel  at  an  angle  of 
sixty  degrees.  Only  two  of  these  quoins,  those  at  the  inv^ert,  are 
shown. 

The  six  quoins  in  this  intersection  are  all  built  of  granite,  the  indi- 


A  DESCRIPTION  OF  THE  INTERSECTION  OF  THE  CATA- 
RACT CONSTRUCTION  COMPANY'S  TUNNELS  AT 
NIAGARA  FALLS,  N.  Y. 


GEORGE  F.  SIMPSON,  C.E.,   '79,  M.AM.  SOC.  C.E. 

Ill  October,  1892,  the  writer  was  engaged  by  the  Cataract  Construc- 
tion Company  to  design  the  stone  work  at  the  intersections  of  its  power 


the  upper  river.  This  tunnel  is  probably  the  largest  covered  aqueduct 
that  has  ever  been  constructed  ;  it  has  a  carrying  capacity  estimated  at 
from  100  to  120  thousand  horse  power.  This  tunnel  is  horse-shoe 
shaped  with  the  toe  upward,  and  is  lined  throughout  with  four  courses 
of  brick.  The  invert  is  circular  in  section,  as  are  all  the  other  parts, 
as  may  be  seen  from  the  accompanying  plate.  The  width  of  the  in- 
vert is  14.77  f^^t  ;  its  radius  26.9  feet,  and  therefore  its  versine  is 
0.936  feet.  The  side  walls  have  soffit  radii  of  29  feet  and  their  centers 
are  on  the  same  level  as  their  tops.  These  are  10.671  feet  above  the 
top  of  the  soffit  of  the  invert,  and  the  inside  of  the  tunnel  is  2.035  f^^t 
wider  on  each  .side  than  the  top  of  the  invert,  or  18.84  ^^^^  wide.  The 
crown  arch  is  full-centered  with  a  radius  of  9.42  feet. 

The  development  of  electric  power  transmission  has  changed  the 
original  plan  from  a  separate  wheel  pit  for  each  mill  to  a  sy.stem  in 
which  the  power  is  generated  in  central  power  houses.  At  present 
there  is  but  one  mill  discharging  water  into  the  main  tunnel.  This" 
mill  derives  between  six  and  seven  thousand  horse  powder  from  the  water 
discharged.    The  first  power  house  has  been  completed  with  a  capacity 
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of  50  thousand  horse  power  and  another  of  the  same  capacity  is  being 
constructed.  The  later  power  house  will  discharge  into  the  head  of 
the  main  tunnel. 
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Intersecting  Arches  of  Wheel  Pit  and  Main  Tunnels. 

The  water  from  the  first  power  house  is  discharged  into  the  side  of 
the  main  tunnel  at  nn  angle  of  60  degrees  at  station  68  +  73.51  from 
the  portal.  The  intersecting  tnnnel  is  of  the  same  size  and  shape  as 
the  main  tinuiel,  just  described.  It  was  made  so  large  that  other  wheel 
pits  might  be  discharged  througii  the  bottom  of  this  one  if  desirable. 
Its  perimeter  is  formed  by  four  circular  curves,  which  make  at  the  in- 
tersection of  the  somt  surfaces  six  quoins,  each  a  part  of  a  different 
ellipse,  since  the  elements  of  the  surfaces,  as  well  as  the  axis,  intersect 
the  corresponding  elements  and  axis  of  the  main  tiuinel  at  an  angle  of 
sixty  degrees.  Only  two  of  these  quoins,  those  at  the  invert,  are 
shown. 

The  six  quoins  in  this  intersection  are  all  built  of  granite,  the  indi- 
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vidual  stones  of  which  extend  along  the  walls  of  both  tunnels  far 
enough  to  provide  for  the  load  transmitted  along  the  quoin  and  to  bond 
with  the  stones  above  and  below  as  well  as  with  the  brick  work  lining 
of  each  tunnel.  Naturall}'  the  work  on  this  intersection  divides  itself 
into  three  parts  which  the  writer  will  name  the  invert  side  walls,  and 
crown  arch,  as  these  divisions  correspond  to  the  corresponding  parts  of 
the  tunnels.  Two  of  the  quoins  are  formed  by  the  intersection  of  the 
inverts  of  the  two  tunnels,  two  by  the  inter.section  of  the  curved  side 
walls,  and  two  by  the  intersection  of  the  full  centered  crown  arches. 
These  six  quoins  are  all  on  one  side  of  a  vertical  plane  in  the  axis  of 
the  main  tunnel,  as  the  intersecting  tunnel  does  not  extend  acro.ss  to  the 
opposite  side.  The  two  quoins  in  the  invert  meet  at  the  inter.section  of 
the  lowest  element  of  the  two  inverts,  forming  equal  altitudes  in  differ- 
ent elliptical  curves  having  for  their  .semi-minor  axes  the  radius  of  the 
inverts,  but  having  different  semi-major  axes.  The  two  quoins  in  the 
crown  arch  meet  at  the  intersection  of  the  highest  elements  of  the  two 
crown  arches,  forming  two  different  quarter  ellip.ses  having  for  their 
semi-minor  axes  the  radius  of  the  crown  arches,  but  having  different 
semi-major  axes.  The  two  quoins  formed  by  the  intersection  of  the 
side  walls  are  equal  altitudes  of  different  elliptical  curves  having  for 
their  semi-minor  axes  the  radius  of  the  side  walls,  but  having  different 
semi-major  axes.  These  quoins  differ  in  the  part  of  an  ellipse  used  in 
the  three  parts  of  the  intersection.  In  the  invert  it  is  the  part  next  to 
the  minor  axes,  in  the  side  walls  it  is  the  part  next  to  the  major  axis, 
and  the  part  used  in  the  crown  arch  is  the  entire  quarter  ellipse  from  the 
minor  axis  to  the  major  axis.  In  all  these  cases  the  major  axis  is 
horizontal  and  the  minor  axis  is  vertical. 

That  the  beds  of  the  stones  may  be  perpendicular  to  the  soffit  in  all 
the  quoins,  they  are  made  portions  of  radial  planes,  or  planes  passing 
through  the  centers  of  the  soffit  curves  and  parallel  to  the  elements  of 
the  tunnels.  The  length  of  the  same  stone  is  the  same  in  each  tunnel, 
except  .some  of  the  stones  in  one  of  the  side  walls,  where  to  prevent 
their  being  too  heavy,  the  lengths  in  the  main  tunnel  and  intersecting 
tunnel  are  different. 

It  had  been  decided  to  use  brick  for  the  lining  of  the  tunnels  near 
this  intersection  of  such  a  thickness  that  nine  cour.ses  would  lay  not  less 
than  twenty-four  inches  and  as  near  that  as  practicable.  The  invert 
was  lined  with  sixty-six  brick  courses  including  tw^o  special  bricks  at 
the  .side  walls.  This  gave  2.71  inches  for  each  course,  or  24.39  inches 
for  9  cour.ses.  The  side  walls  required  49  courses  of  2.676  inches  per 
course,  or  24.084  inches  for  9  courses.    The  crown  arch  required  131 
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courses  of  2.707  inches,  or  24.367  inches  for  9  courses.  As  the  aver- 
age thickness  of  the  brick  was  2.39  inches  ;  the  brick  joints  in  the 
invert  were  0.32  inches,  in  the  side  walls,  0.286  inches,  and  in  the 
crown  arch,  0.3175  inches.  The  writer  decided  to  make  the  soffit  sur- 
faces of  each  stone  in  all  of  the  quoins  equal  in  width  to  six  courses  of 
bricks  in  the  inner  ring  of  the  tunnel  lining  when  it  could  be  done. 
This  was  to  limit  the  size  of  the  stones  so  they  could  be  handled  by 
simple  machinery.  This  determined  the  width  of  the  soffit  of  stones  in 
the  invert  and  crown  arch  to  be  15/^  inches,  and  of  stones  in  the  side 
walls  to  be  15^  inches,  and  the  .slight  necessary  variations  were  made 
in  the  thickness  of  the  joints.  Having  fixed  the  width  in  the  soffit  for 
each  stone  generalh- ,  this  fixed  the  number  of  stones  in  each  quoin  and 
the  necessary  changes  for  the  peculiarly  special  stones.  There  being 
no  two  stones  alike  in  the  whole  intersection,  all  were  special  stones, 
although  a  number  in  each  quoin  were  similar  in  many  details. 

To  this  point,  only  the  arc  of  the  soffit  covered  by  each  stone  and 

each  joint  is  known,  and  from  this  arc  with  the  formula,        X  = 

degrees  in  arc,  the  angle  subtended  by  each  stone  and  each  joint  was 
calculated,  R  being  the  radius,  in  inches,  of  the  soffit  of  the  part  of  the 
work  in  which  the  stone  was  finally  placed*.  The  radius  of  the  extra- 
dosal  surface  is  twenty  inches  greater  than  the  soffit  radius,  it  being  the 
intention  to  build  five  rings  of  brick  in  the  lining  of  the  tunnels  at  this 
intersection  and  near  it. 

To  simplify  the  calculations  and  to  aid  in  the  comprehension  of  the 
work,  the  writer  has  introduced  an  auxiliary  plane  in  each  of  the  three 
parts  of  the  work.  These  will  be  known  as  reference  planes.  Each 
passes  through  the  axis  of  the  portion  of  the  cylinder  under  considera- 
tion ;  those  for  the  invert  and  crown  arches  are  vertical  and  those  for 
the  side  walls  horizontal.  The  grade  of  the  tunnels  is  so  small  it  was 
neglected  in  designing  the  intersection  although  the  proper  grade  was 
maintained  in  constructing  it. 

The  angular  distance  of  each  bed  of  each  stone  from  the  reference 
plane  was  calculated,  and  checked  by  comparing  with  the  sum  of  the 
angles  for  all  the  stones  and  joints  between  the  reference  plane  and  this 
particular  bed.  In  addition  to  the  angular  distance  of  the  beds  of  the 
stones  from  the  reference  planes,  the  angular  distance  of  the  chief  soffit 
elements  and  the  soffit  elements  midway  between  the  top  and  the  bottom 
beds  of  the  stones,  were  calculated.  The  angular  distance  of  these 
middle  elements  were  used  later  to  calculate  the  lengths  of  the  middle 
ordinates  in  making  the  templets. 
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The  parts  of  this  intersection  were  constructed  in  the  same  order  as 
those  of  the  brick  lining,  viz.,  side  walls,  crown  arch,  and  la.stly  the 
invert.  Because  of  the  shortness  of  time  the  designing  was  done  in  the 
same  order.  In  this  article  the  natural  order  is  followed  although  any 
part  may  be  designed  first. 

INVERT. 

The  invert  will  be  considered  first,  recalling  that  the  reference  plane 
for  this  part  is  a  vertical  plane  through  the  axis  of  the  tunnel.  It  is 
not  necessary  to  suppose  a  reference  plane  in  each  tunnel,  as  the  tun- 
nels being  of  the  same  size  and  shape,  the  results  obtained  for  one  will 
be  the  same  as  those  for  the  other. 

It  having  been  decided  that  15/8  inches  should  be  the  length  of  arc 
on  the  sofiit  of  a  stone  in  the  invert  the  other  dimensions  of  the  end 
templet  were  fixed.  The  arc  of  the  extrados  being  1634^  inches  and 
sides  20  inches  each.  Tlie  highest  brick  course  on  each  side  of  the 
invert  is  a  special  brick  which  runs  under  the  side  walls.  The.se 
courses  are  2  3<(  inches  thick  and  by  adding  one  to  five  ordinary  brick 
courses  we  have  16.3  inches  for  the  width  of  soffit  of  the  highest  stone 
in  the  invert.  By  letting  the  keystone  extend  three  cour.ses  of  brick 
beyond  the  center  of  the  main  tunnel  invert,  the  stone  joints  become 
0.385  inches  thick. 

With  the  formula,  Rsina.=-b,  the  distances  from  the  reference 
plane  to  all  the  arrises  of  the  stones,  as  well  as  to  the  middle  elements 
and  the  element  between  the  invert  and  side  walls,  were  calculated, 
a  is  the  angular  distance  found  above  ;  and  R,  the  radius  of  the  soffit 
for  soffit  elements  and  20  inches  longer  for  extradosal  elements.  These 
values  of  b,  as  well  as  the  several  values  of  arc,  a,  sin.  a,  and  cos.  a, 
were  tabulated.  These  values  of  b  are  useful  in  the  con.struction  of 
the  invert  and  crown  arch  as  in  these  parts  the  reference  plane  is  a 
vertical  plane  through  the  axis  of  the  tunnel. 

Next  the  lengths  of  the  arrises  in  the  invert  were  found.  The 
length  of  one  can  be  assumed,  and  this  should  be  the  arris  between  the 
invert  and  side  walls  on  the  longer  quoin,  see  plate.  This  can  be 
.  assumed  .so  that  the  stone  will  be  long  enough  to  reach  through  the 
side  wall.  But  in  this  case  it  would  make  the  stone  at  this  point  larger 
than  desirable  ;  hence  the  arris  was  assumed  to  be  two  feet  and  nine 
inches  long.  To  expedite  the  work  the  corresponding  element  in  the 
shorter  quoin  was  assumed  to  be  three  feet  long.  As  was  the  case  in 
this  work,' the  assumption  of  the  length  of  two  arrises  may  lead  to  a 
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difference  at  the  keystone,  which,  if  desirable,  may  be  corrected  by 
adding  the  difference  to  the  calculated  lengths  of  all  the  arrises  in  one 
quoin.  The  bonding  of  the  brick  on  the  sides  of  the  stones  was  re- 
quired to  be  some  multiple  of  four  inches  but  not  less  than  eight  inches. 
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This  was  made  twelve  inches  for  each  stone  in  the  shorter  quoin  and 

thirty-two  inches  for  each  stone  in  the  longer  quoin.  \i  n  =  the 
number  of  joints  between  any  two  arrises,  by  combining  the  above  we 


inches  for  the  longer  quoin.  The  quantity  in  the  parenthesis  should 
V)eso  taken  as  to  be  positive,  a'  being  greater  than  a".  This  is  because 
we  assume  the  highest  element  of  the  invert  with  which  to  begin  the 
calculation.  More  universal  formuhe  would  have  had  the  double 
sign  ±  in  the  parenthesis  and  =f  before  the  last  term. 

The.se  formulae  are  general  but  were  used  for  the  arrises  of  the  beds 
nearer  the  reference  plane  only,  and  a  shorter  method  was  used  to  find 
from  the  length  of  each  of  these  the  length  of  the  other  at  the  .same 
joint.  The  arris  at  the  oppo.site  side  of  a  0.385  inch  joint  in  the  shorter 
quoin  will  be  0.385  X  tang.  30°  =  0.23  inch  longer  at  the  quoin  end 
and  12  inches  shorter  at  the  other  end,  or  a  resultant  of  11.77  inches 
shorter.  This  length  of  1 1 .  77  inches  was  subtracted  from  the  length 
of  the  arris  of  one  .stone  to  obtain  the  length  of  the  arris  at  the  same 
joint  on  the  next  stone.  The  arris  at  the  opposite  side  of  a  0.385  inch 
joint  in  the  longer  quoin  will  be  0.385  X  tang.  60°  =  0.67  inch  longer 
at  the  quoin  end  and  32  inches  shorter  at  the  other  end,  or  a  resultant 
of  31.33  inches  shorter.  This  length  of  31.33  inches  was  subtracted 
from  the  length  of  the  arris  of  one  stone  to  obtain  the  length  of  the 
arris  at  the  same  joint  on  the  next  stone.  Had  the  length  of  the  arris 
of  the  bed  farther  from  the  reference  plane  been  obtained  by  the  general 
formulae,  the  resultant  quantities  by  the  short  method  would  have  been 
added  instead  of  .subtracted.  This  shorter  method  is  not  precise  for 
either  the  soffit  or  extradosal  arrises,  but  the  error  is  inappreciable  and 
no  multiplication  of  errors  can  take  place. 

To  prevent  the  multiplication  of  errors  to  any  great  extent  two 
decimal  places  were  retained  in  all  this  work.  With  the  granite  used 
final  results  not  greater  than  ^  inch  were  expected  and  obtained. 

Calculations  were  made  for  the  three  armed  keystone  at  the  intersec- 
tion of  the  middle  of  the  inverts.  The  part  beyond  the  center  of  the 
main  tunnel  is  equal  in  width  to  three  bricks  and  two  and  one-half  brick 
joints.  The  length  of  the  arrises  next  to  the  other  stones  were  com- 
puted by  the  short  method  mentioned  above  and  checked  by  computing 
their  difference  in  length  from  the  width  of  the  arm  between  these 
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stones.  This  difference  was  subtracted  from  the  length  of  the  longer 
arris  obtained  by  the  shorter  method  and  the  remainder  was  found  to 
be  0.6  inch  longer  than  the  length  of  the  shorter  arris  also  obtained  by 
the  short  method.  This  was  corrected  by  applying  one-half  the  error 
to  each  arris.  This  error  is  mostly  due  to  assuming  the  lengths  of  two 
arrises  in  beginning  the  work  and  but  little  due  to  errors  in  the  com- 
putations. This  can  be  seen  if  we  multiply  the  half  width  of  the 
invert,  7.39  feet,  by  tang.  30°  for  the  shorter  quoin  and  add  the  length 
of  the  assumed  arris,  3  feet  ;  from  this  sum  if  we  subtract  the  five 
offsets  at  the  ends  of  the  stones  of  one  foot  each  we  have  a  remainder 
of  2.2566  feet.  If  we  multiply  7.39  feet  by  tang.  60°  for  the  longer 
quoin  and  add  the  length  of  the  assumed  arris,  2  feet  and  9  inches,  and 
from  this  sum  subtract  the  five  offsets  at  the  ends  of  the  stones  of  2  feet 
and  8  inches  each  we  have  a  remainder  of  2.2165  feet.  The  difference 
of  these  two  remainders,  0.04  feet  or  0.48  inch,  is  the  difference  of 
length  of  the  middle  element  in  the  side  tunnel  due  to  not  assuming  a 
correct  difference  in  length  of  the  two  arrises.  Thus  it  is  seen  that  the 
original  assumption  of  the  length  of  any  arris  in  the  invert  fixes  the 
length  of  all  others,  except  that  multiples  of  four  inches  may  be  added 
to  or  subtracted  from  them  at  will.  It  is  also  true  that  the  assumption 
of  the  length  of  one  arris  fixes  the  length  of  all  others  in  the  whole 
intersection. 

The  following  method  was  used  to  find  the  length  of  the  middle  ele- 
ments in  the  soffit  of  the  stones.  In  the  shorter  quoin  the  difference  in 
values  of  b  for  the  middle  element  and  the  soffit  element  nearest  the 
reference  plane  was  multiplied  by  tang.  30°,  and  this  product  was  sub- 
tracted from  the  length  of  the  soffit  element  nearest  the  reference  plane. 
In  the  longer  quoin  tang.  60°  takes  the  place  of  tang.  30°  above. 
These  middle  elements  are  useful  in  making  the  soffit  templets,  the 
quoin  end  of  which  is  a  curved  line.  For  the  stone  at  the  side  wall  in 
the  shorter  quoin  the  length  of  the  middle  elements  is  40.56  inches,  and 
if  the  quoin  end  of  the  template  were  a  .straight  line  it  would  be  40.58 
inches.  For  the  same  stone  in  the  longer  quoin  the  true  length  is  46.71 
inches,  and  a  straight  line  would  make  it  46.745  inches.  The  differ- 
ence on  these  stones  is  so  .small  that  it  may  be  neglected  for  the  other 
stones  of  the  invert,  as  their  sofi&t  surfaces  are  narrower  and,  at  the 
the  same  time,  the  curvature  of  the  quoin  is  less. 

We  now  have  all  the  elements  needed  in  the  invert,  but  to  complete 
the  invert  .stones  we  need  the  lengths  of  two  more  arrises  at  the  top  of 
the  stone  under  the  side  walls.  In  dividing  the  side  wall  for  the 
required  number  of  stones  it  was  found  desirable  to  extend^the  first 
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stone  in  each  quoin  of  the  invert  up  the  side  walls  2.67  inches.  Re- 
calling that  the  reference  plane  for  the  side  walls  is  horizontal,  the  an- 
gle between  the  reference  plane  and  the  plane  in  the  top  arris  of  this 
stone  is  21°,  08',  55".  The  angle  between  the  reference  plane  and  a 
plane  in  the  top  element  of  the  invert  is  21°,  35',  17".  The  difference 
of  cosines  of  these  angles  multiplied  by  the  radius  of  the  side  walls 
=  0.97  inches.  In  the  shorter  quoin  0.97  inches  nuiltiplied  by  tang. 
30°  is  the  amount  this  top  arris  is  shorter  than  the  assumed  element, 
and  we  have  36  inches  —  0.56  inches  =  35.42  inches  for  the  length  of 
the  top  arris.  In  the  longer  quoin  0.97  inches  multiplied  by  tang.  60° 
is  the  amount  this  top  arris  is  shorter  than  the  assumed  element,  and 
we  have  33  inches  —  1.69  inches  =  31.31  inches  for  the  length  of  the 
top  arris. 

To  find  the  difference  of  length  between  the  assumed  arris  and  the 
arris  in  the  extradosal  surface  at  the  top  of  the  invert  stone,  the 
distance  of  the  latter  arris  from  the  vertical  reference  plane  should  be 
known.  The  radius  of  the  extradosal  surface  of  the  side  walls  is  30^ 
feet  and  the  angle  between  the  top  of  this  stone  and  the  horizontal 
reference  plane  is  21°,  08',  55",  and  30^  x  cos.  21°,  08',  55"  =  28.60 
feet  =  the  horizontal  distance  of  this  arris  from  the  center  of  curvature 
of  the  side  walls.  The  horizontal  distance  between  the  centers  of 
curvature  of  side  walls  and  invert  is  29.0  —  9.42  =  19.58  feet,  and 
28.60  —  19.58  =  9.02  feet  =  the  distance  of  the  required  arris  from  the 
vertical  reference  plane.  The  assumed  arris  is  7.39  feet  from  the  same 
reference  plane,  or  a  difference  of  1.63  feet.  In  the  .shorter  quoin  1.63 
feet  X  tang.  30°  is  the  amount  the  required  arris  is  vshorter  than  the 
assumed  arris,  or  36.0—  11.29  =  24.71  inches  =  the  length  of  the 
required  arris.  In  the  longer  quoin,  using  tang.  60°  in  place  of  tang. 
30°,  we  see  that  the  amount  the  required  arris  is  shorter  than  the 
assumed  arris  is  greater  than  the  length  of  the  assumed  arris,  and 
therefore  the  stone  does  not  reach  through  the  wall  and  has  no  arris  on 
the  extradosal  surface  at  the  top. 

We  still  need  some  dimensions  for  the  end  templet  for  the  stones 
under  the  side  walls.  It  is  desirable  to  make  the  bottom  of  these  stones 
level.  The  joint  bed  nearest  the  bottom  of  the  invert  makes  an  angle 
of  11°,  49',  42"  with  the  vertical  reference  plane,  and  the  difference  of 
radii  is  20  inches.  Twenty  times  cos.  11°,  49',  42"  =  IQ.58  inches  = 
the  vertical  ordinate  of  the  templet  at  this  joint.  From  the  difference 
of  the  values  of  b  for  the  inside  and  outside  elements  at  this  bed  we 
have  4.10  inches  as  the  distance  this  vertical  ordinate  is  away  from  the 
arris  at  the  bottom  of  the  stone.    The  difference  of  versines  of  angles 
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at  this  bed  ioint  and  at  the  middle  ordinate  multiplied  by  29.6  feet  is 
the  amount  to  add  to  19.58  inches  for  the  height  of  stone  at  the  middle 
element  of  the  soffit,  or  19.58  +  1.76  =  21.34  inches.  By  the  same 
method  the  height  of  the  stone  at  the  element  between  the  invert  and 
side  walls  is  found  to  be  23.28  inches.  The  following  method  will  be 
found  more  convenient  for  finding  the  other  heights.  The  distance  the 
bottom  of  the  invert  is  below  the  top  of  the  side  walls  is  the  sum  of 
10  671  feet  from  top  of  side  wall  to  top  of  invert,  0.936  feet  from  top  to 
bottom  of  invert  soffit,  and  1.667  ^^^^  from  inside  to  outside  of  invert, 
or  13.274  feet.  The  bottom  of  the  highest  invert  stone  is  31.267  x 
versin.  11°,  49',  42"  =  0.664  feet  above  this,  or  the  bottom  of  this  stone 
is  13.274  —  0.664  =  12.61  feet  below  the  top  of  the  side  walls.  The 
top  arris  of  this  stone  is  29  X  sin.  21°,  08',  55"=  10.463  feet  below 
the  top  of  the  side  wall,  and  12.61  —  10.463  =  2.148  feet  =25.78 
inches  above  the  bottom  of  the  stone.  For  the  height  of  the  arris  at  the 
extrados  we  have  307^^  X  sin.  21°,  08',  55"  =  11.064  f^^t,  and  12.61  — 
11.064=  1.546  feet  =  18.55  inches.  If  w^e  make  the  extradosal  .sur- 
face of  this  stone  vertical  we  can  find  the  width  and  partial  widths  of 
the  stone  for  the  end  templet  as  follows.  As  seen  above,  this  surface 
will  be  9.02  feet  =  108.24  inches  from  the  vertical  reference  plane. 
The  bottom  element  nearer  the  same  plane  is  76.91  inches  from  it,  or 
the  stone  is  31.33  inches  wide  on  the  bottc»m.  Twenty  X  cos.  21°, 08', 
55"  =  18.65  inches  is  the  width  of  the  part  under  the  bottom  side  wall 
stone.  A.S  the  projection  of  the  side  wall  portion  of  the  soffit  is  0.97 
inch,  we  may  call  it  one  inch,  and  adding  we  have  19.65  inches.  By 
subtracting  19.65  from  31.33  we  have  11.68  inches  as  the  part  under 
the  invert. 

It  was  noted  above  that  the  stone  in  the  longer  quoin  does  not  extend 
through  the  side  walls,  and  the  end  templet  to  fit  the  portion  under 
the  bottom  stone  of  the  side  wall  will  be  smaller  than  for  the  same 
stone  in  the  .shorter  quoin.  The  length  of  the  top  arris  is  31.31  inches 
and  this  multiplied  by  tang.  30°  =  18.07  inches  is  the  width  of  the 

bottom  under  the  bottom  side  wall  stone.     Twenty  X   ^'^l  =  ig..8 

18.65 

inches  is  the  width  of  the  top  bed.     25.78  —  18.55  =  7-23  inches, 

and  7.23  1^  I  —  ^g^^J~  ^-22  which  if  added  to  18.55  will  equal  the 

height  of  the  outside  arris,  or  18.77  inches. 

Now  all  the  dimensions  necessary  to  plot  the  stones  of  the  invert 
and  make  their  templets  are  known,  but  it  is  desirable  to  be  able  to 
test  the  finished  stones  and  to  do  this  the  angle  formed  by  the  inter- 
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section  of  the  two  planes  of  the  coursing  joints  of  each  stone  should 
be  known.  If  we  suppose  a  plane  passed  through  the  soffit  arrises 
meeting  at  a  quoin  it  will  be  horizontal  and  will  form  a  spherical 
triangle  with  the  two  adjacent  bed  pJanes.  In  this  spherical  triangle 
the  side  opposite  the  required  angle  is  known,  being  120°  in  the  shorter 
quoin  and  60°  in  the  longer  one.  The  two  angles  adjacent  to  this 
known  side  are  equal  to  each  other  and  to  90°  minus  the  angular  dis- 
tance of  the  beds  from  the  reference  planes.  For  the  invert  the 
average  angular  distance  of  the  two  stones  at  a  joint  will  be  exact 
enough  for  both  stones.    We  have 

Cos.  /y  =  —  I  +  2  sin.'  A  COS.'  60° 

for  the  .shorter  quoin,  and 

Cos/j*  =  —  I  +  2  sin.'  A  COS.'  30° 

for  the  longer  quoin.  If  this  value  be  negative  it  is  the  cosine  of  the 
supplement  of  the  required  angle,  if  positive  it  is  the  cosine  of  the 
required  angle.  These  angles  are  given  on  the  plate  for  the  long  quoin 
Qv\y . 

Since  in  the  above  the  writer  has  described  in  detail  the  work  on  the 
invert,  it  will  be  desirable  to  notice  the  differences  only  in  the  other 
parts. 

SIDE  WAIXS. 

In  the  side  walls  6  brick  courses  will  give  16.056  inches  for  the  width 
of  the  soffit  of  a  stone  and  a  stone  joint.  Eight  times  this  will  leave 
2.67  inches  to  be  cut  on  the  top  of  the  invert  stone.  As  the  soffit 
width  of  a  stone  in  the  side  walls  is  15^  inches,  we  have  16.056  — 
15^  =  0.431  inches  for  a  stone  joint. 

For  the  side  walls  the  reference  plane  is  a  horizontal  plane  through 
the  axes  of  the  tunnels  and  at  the  top  of  the  side  walls.  The  angular 
distances,  a,  from  the  reference  plane  to  the  beds  of  the  stones  and  the 
middle  element  on  the  .soffit  of  each  stone  were  calculated.  The  hori- 
zontal distances  of  the  arrises  of  the  top  beds  from  the  center  of  curva- 
ture of  the  side  walls  were  calculated  by  the  formula  R  X  cos  a  =  b. 
This  is  the  same  formula  that  was  used  for  obtaining  the  value  of  b  as 
in  the  invert,  but,  the  reference  plane  being  90°  in  a  vertical  arc  from 
the  reference  plane  of  the  invert,  cos.  a  takes  the  place  of  sin.  a.  If 
19.58  feet  be  subtracted  from  these  values  of  b  we  get  the  horizontal 
distances  from  the  axes  of  the  tunnels  to  the  top  bed. 

The  difference  of  length  at  the  quoin  end  of  two  soffit  elements  in  the 
side  walls  is  found  by  the  general  formula  given  above,  recalling  that 
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COS.  a  is  used  instead  of  sin.  a  in  the  value  of  b.  For  the  shorter  quoin 
diff.  of  cosines  x  R  tang.  30°  is  used,  R  being  the  radius  of  the  soffit 
elements.  For  the  longer  quoin  tang.  60°  takes  the  place  of  tang.  30°. 
By  this  formula  the  difference  of  length  at  the  quoin  end  between  each 
soffit  arris  and  the  assumed  element  at  the  top  of  the  invert  is  found, 
and  also  the  difference  of  length  at  the  quoin  end  of  the  middle  ele- 
ments and  the  assumed  element.  The  necessarj^  difference  in  length 
required  at  the  end  of  the  arris  in  order  to  make  a  good  brick  bond  was 
decided  upon  and  combined  with  the  above  results  to  get  the  length  of 
each  soffit  arris.  That  the  stones  on  the  shorter  quoin  might  not  be  too 
heavy  their  length  in  the  main  tunnel  were  made  8  inches  shorter  than 
in  the  side  tunnel. 

For  the  difference  in  length  at  the  quoin  end  of  a  soffit  arris  and  the 
corresponding  extradosal  arris  the  formula,  20  inches  X  cos  a  tang.  30°, 
is  used  for  the  shorter  quoin,  and  the  same  with  tang.  60°  instead  of 
tang.  30°  for  the  longer  quoin.  In  all  cases  this  is  to  be  subtracted 
from  the  corresponding  soffit  arris,  and  a  negative  result  shows  that  the 
stone  is  too  short  to  reach  the  extradosal  surface.  This  is  the  case  with 
two  stones  on  the  longer  quoin.  As  these  stones  were  over  two  and 
one-half  feet  long,  it  was  not  desirable  to  increase  their  length  12  and 
16  inches  in  order  to  retain  the  required  bond,  that  they  might  reach 
farther  through  the  wall.  The  space  between  the  side  walls  and  the 
solid  rock  at  the  intersection  as  elsewhere  was  filled  with  rubble  mason- 
ry laid  in  cement  mortar. 

The  dimensions  of  the  end  templet  for  the  stones  in  the  side  walls 
are  obtained  by  making  the  width  on  the  soffit  15!  inches,  the  radius  of 
the  soffit  being  29  feet.  The  radius  of  the  extradosal  surface  being  20 
inches  greater,  the  width  on  this  surface  is  proportionally  greater  ;  it  is 
16.53  inches.  For  the  two  stones  on  the  longer  quoin  that  do  not  reach 
through  the  wall,  the  arris  formed  by  the  intersection  of  the  two  end 
planes  is  a  vertical  line.  If  we  suppose  a  horizontal  plane  passes 
through  the  top  soffit  arris  of  one  of  these  stones  the  line  of  its  inter- 
section with  the  plane  of  the  quoin,  and  the  line  of  its  intersection  with 
the  end  plane  of  the  stone  will  form  a  right-angled  triangle  with  the 
line  of  the  arris,  having  an  angle  of  30°  at  its  apex,  or  quoin  end.  If 
we  represent  its  base  by  then  k  will  equal  the  length  of  the  soffit 
arris  x  tang.  30°.  The  angle  formed  by  k  with  the  arris  between  the 
bed  and  the  end  plane  of  the  stone  is  the  same  as  the  angle  between  the 
bed  plane  and  the  reference  plane  ;  this  angle  is  a.    If  we  represent  the 

k 

length  of  this  arris  by  m  we  have  m  =        .    If  we  represent  the  ver- 

COStt 
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tical  distance  between  the  extradosal  ends  of  k  and  w  by  we  have 
n  —  k  tang.  a.  To  find  the  vahie  of  m  and  7i  for  the  top  and  bottom 
arrises  of  the  two  stones  that  do  not  extend  through  the  wall,  we  have 
only  to  use  the  value  of  k  derived  from  the  length  of  the  proper  soffit 
arris  and  the  corresponding  value  of  a.  In  making  the  end  templet  for 
these  stones  it  will  be  recalled  that  m  is  perpendicular  to  the  soffit  sur- 
face and  the  extradosal  ends  of  the  two  vi' s  on  the  same  stone  are 
joined  by  a  straight  line  which  is  vertical  when  the  stone  is  in  its  posi- 
tion in  the  wall.  As  a  check,  the  length  of  this  line  is  equal  to  29  feet 
X  diff .  of  sin  a  for  bottom  and  top  beds  of  the  stone  plus  the  diff.  oi  rV s 
for  bottom  and  top  soffit  arrises. 

The  angles  desired  for  testing  the  cutting  of  the  beds  of  the  stones 
were  obtained  by  substituting  in  the  same  formula  as  for  the  invert. 
In  this  case  the  two  angles  adjacent  to  the  known  side  are  equal  to 
each  other  and  to  the  angular  distance  of  the  beds  from  the  reference 
plane.  The  difference  of  the  angles  between  two  stones  at  any  joint 
being  so  small,  the  values  cos  B  and  the  angle  B  were  found  for  the 
middle  of  the  joint  and  used  for  both  stones  at  this  joint. 

CROWN  ARCH. 

The  width  of  the  tunnels  at  the  top  of  the  side  walls  is  18.84  ^^^^ 
and  the  crown  arch  is  full-centered.  This  will  require  131  brick 
courses  of  2.7075  inches  each  to  form  the  soffit  surface.  By  dividing 
this  by  6  we  find  that  21  stones  of  6  brick  courses  each  and  i  of  5 
brick  courses  will  be  required  to  form  the  sides  of  the  quoins  in  the 
side  tunnel.  These  22  stones  also  form  the  side  of  the  quoins  in  the 
main  tunnel,  but  as  each  stone  in  one  quoin  has  a  stone  opposite  it  in 
the  other  quoin  they  reach  only  66  brick  courses  of  the  soffit.  This  is 
one-half  a  brick  course  beyond  the  intersection  of  the  quoins  at  the  top 
of  the  soffit.  This  arrangement  makes  a  joint  come  at  one-half  a  brick 
course  from  the  top  and  divides  the  keystone  in  two  parts.  To  have 
made  a  keystone  of  one  piece  to  be  placed  opposite  the  top  eleven 
courses  of  brick  in  the  side  tunnel  and  to  extend  in  both  directions  in 
the  main  tunnel  to  make  the  necessary  brick  bond,  would  have  made 
it  too  heavy  to  handle  in  the  confined  space  at  the  top  of  the  tunnels. 
It  was,  therefore,  made  of  two  pieces,  one  of  which  is  opposite  six 
brick  courses  in  the  side  tunnel  and  six  brick  courses  in  the  main 
tunnel  in  the  shorter  quoin,  the  other  is  opposite  five  brick  courses  in 
the  side  tunnel  and  six  brick  courses  in  the  main  tunnel  in  the  longer 
quoin.  A  plain  stone  voussoir  equal  in  width  to  six  brick  courses  was 
put  in  the  soffit  of  the  main  tunnel  opposite  the  joint  between  the  two 
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pieces  of  keystone.  Thus  it  is  seen  that  the  stone  in  this  intersection 
extends  from  3}^  brick  courses  beyond  the  center  of  the  main  tunnel 
on  the  invert  soffit  to  6^  brick  courses  beyond  the  center  of  the  main 
tunnel  on  the  crown  arch  soffit  and  forms  the  6  quoins  between  these 
points. 

For  convenience  a  vertical  plane  through  the  axis  of  the  tunnel  was  taken 
for  the  reference  plane  for  the  crown  arch,  the  same  as  for  the  invert.  The 
arc  of  the  soffit  covered  by  a  stone  and  a  stone  joint  is  16.245  inches. 
The  soffit  of  the  stone  is  15/^  inches  wide,  leaving  0.37  inches  for  the 
stone  joint  in  the' crown  arch.  With  the  length  of  the  arc  of  a  stone 
and  a  stone  joint  the  angle  between  the  reference  plane  and  the  top 
bed  of  each  stone  was  obtained.  With  these  angles  the  values  of  b 
were  obtained  by  the  same  formula  as  for  the  invert.  It  will  be  re- 
called that  b  is  the  horizontal  distance  from  the  reference  plane  to  the 
top  arris  of  each  stone. 

In  this  part  of  the  work  more  than  in  the  others  it  was  desirous  that 
no  stone  should  be  heavier  than  necessary.  For  this  reason  the  length 
of  the  keystones  were  found  first.  The  length  of  the  top  element  of 
the  arch  between  a  vertical  plane  in  the  longer  quoin  and  a  vertical 
plane  perpendicular  to  the  side  tunnel  at  the  intersection  with  the 
quoin  plane  of  the  lowest  extradosal  arris  of  the  keystone  in  the  longer 
quoin,  was  calculated.  To  this  length  was  added  the  lap  of  the  key- 
stone of  the  longer  quoin  upon  the  stone  next  below  it.  From  this 
was  subtracted  16  inches  as  the  distance  from  the  intersection  of  the 
top  elements  of  the  tunnels  to  the  end  in  the  side  tunnel  of  the  key- 
stone in  the  shorter  quoin.  To  this  last  length  multiples  of  4  inches 
were  added  to  give  the  distance  on  the  top  element  of  the  ends  of  the 
successive  stones  in  both  quoins.  By  assuming  the  lap  of  keystone  of 
the  longer  quoin  upon  the  stone  below  it  of  a  certain  length,  the  exact 
requirements  of  brick  bond  at  the  top  of  the  side  walls  on  one  side 
could  be  obtained,  the  other  side  would  still  have  the  same  difference 
as  shown  in  the  invert.  It  was  so  much  more  important  that  the  top 
stones  should  be  as  light  as  safety  would  permit,  that  the  only  atten- 
tion given  to  the  brick  bond  between  the  bottom  stones  of  the  crown 
arch  and  the  top  of  the  side  walls  was  that  it  should  not  be  less  than  8 
inches.  Throughout  all  the  design  much  attention  was  given  to  make 
the  stones  as  light  as  possible,  but  security  was  not  sacrificed  for  it. 
The  smaller  piece  of  the  keystone  contains  16^  cubic  feet,  the  larger 
19  feet,  and  excepting  these,  no  stone  in  the  quoins  of  the  crown  arch 
is  as  small  as  the  larger  piece  of  the  keystone.  The  average  size  of 
the  .stones  in  this  intersection  is  very  nearly  one  cubic  yard. 
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The  difference  of  the  lengths  of  two  arrises  at  their  quoin  ends  was 
obtained  by  the  formula,  diff.  of  length  of  arrises  =  diff.  of  sines  X  R 
tang.  60°  for  the  longer  quoin,  and  tang.  30°  was  used  instead  of  tang. 
60°  for  the  shorter  quoin,  the  proper  radius  being  used  for  the  soffit 
and  extradosal  surfaces.  By  the  same  formula  the  length  of  the 
middle  elements  of  the  soffit  of  each  stone  was  found.  The  radius  is 
so  small  that  the  middle  element  was  needed  in  constructing  the 
templets. 

The  two  parts  of  the  keystone  extend  beyond  the  top  of  the  main 
tunnel  one  and  one- fifth  inches.  The  lengths  of  the  eight  arri.ses  near 
the  top  of  the  tunnels  were  calculated  by  the  same  methods  as  the 
other  arrises,  the  arc  being  comparatively  small. 

The  angle  between  the  beds  on  the  same  side  of  a  stone  was  calcu- 
lated by  the  same  formula  as  used  before  for  this  purpose.  The  radius 
of  the  soffit  being  so  small  it  was  necessary  to  calculate  these  angles 
for  both  top  and  bottom  side  of  each  stone. 

The  stones  were  cut  and  marked  in  the  granite  quarries  near  Wil- 
mington, Del.,  and  .shipped  to  Niagara  Falls.  Each  stone  was  marked 
with  a  letter  and  two  numbers.  The  letter  indicated  that  it  formed 
part  of  this  intersection.  The  first  number  denoted  the  quoin  and  the 
second,  the  position  in  the  quoin. 

The  making,  above  ground,  of  the  parts  of  the  center  for  the  crown 
arch  was  somewhat  difficult.  Only  one  supporting  post  away  from  the 
side  walls  could  be  used  and  the  lower  chords  of  the  quoin  ribs  rested 
on  it  with  the  lower  chord  of  a  rib  from  the  opposite  side  of  the  main 
tunnel.  The  inner  ends  of  the  lower  chords  of  the  other  ribs  rested 
on  the  lower  chords  of  the  quoin  ribs,  and  were  inclined  chords  if  the 
outer  ends  reached  the  side  walls.  The  web  members  and  upper  chords 
were  made  of  several  thicknesses  of  ^  inch  pine  nailed  together. 
Each  piece  in  the  quoin  rib  forming  the  upper  chords,  was  cut  with  a 
changing  bevel  to  its  proper  elliptical  curve.  After  nailing  together 
they  formed  an  angle  of  120°  at  the  bottom  of  the  shorter  quoin,  and 
one  of  60°  at  the  bottom  of  the  longer  quoin.  Tlie.se  dihedral  angles 
gradually  increased  to  180°  at  the  tops  of  the  ribs.  While  above 
ground,  intersecting  points  were  marked  on  the  quoin  ribs  and  the 
proper  bevels  were  cut  on  the  ends  of  the  upper  chords  of  the  other 
ribs.  When  needed  the  parts  were  sent  into  the  tunnel  and  erected 
without  obstructing  the  other  w^ork  in  the  tunnel. 
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(recently   GENERAL  SUPERINTENDENT   OF    THE  TUBULAR    DISPATCH    CO.  OF 

NEW  YORK.) 

While  a  description  of  present  practice  in  New  York  City  and  of 
some  of  the  problems  encountered  in  the  operation  of  the  large  mail 
tubes  there,  during  the  writer's  superintendency,  is  the  chief  purpose 
of  this  paper,  it  may  be  of  interest  to  first  mention  briefly  what  was  ac- 
complished in  the  general  field  of  pneumatic  transmission  prior  to  the 
establishment  in  1897,  of  the  various  eight-inch  tube  systems  under 
the  Batcheller  patents. 

EUROPEAN  SMALL  TUBES. 

First  let  it  be  said  that,  as  regards  large  tubes — six  and  eight  inch — 
and  the  transportation  of  mail  therein  between  the  post  office  stations 
of  a  city,  American  practice  is  the  only  practice.  The  European  tubes 
are  nowhere  larger  than  three-inch  and  are  used  exclusively  for  the 
handling  of  telegrams  and  messages  in  connection  with  governmental 
control  of  the  telegraph.  In  London,  Paris,  Berlin,  Vienna  and  some 
of  the  smaller  cities,  telegrams  are  thus  transmitted  from  one  district 
to  another  more  cheaply  and  quickly  than  by  wire  ;  and,  in  addition, 
a  large  personal  message  system  within  the  city  has  been  developed. 

Early  History.  The  first  pneumatic  transmission  of  which  we  know 
occurred  in  1667,  and  was  in  the  nature  of  an  experiment  made  by 
Denis  Papin  and  described  by  him  in  a  paper  presented  to  the  Royal 
Society  of  London.  Further  experiments  by  widely  separated  investi- 
gators followed  at  long  intervals,  and  it  was  not  until  1853  ^^^^  the 
first  successful  commercial  application  was  achieved.  In  that  year  an 
English  engineer,  Latimer  Clark,  designed  and  constructed  for  the 
Electric  and  International  Telegraph  Company  of  London  a  line  of 
single  tube  inches  in  diameter  and  a  few  hundred  yards  long. 
Five  years  later  the  same  company  built  a  system  of  two  2^-inch  tubes 
three-quarters  of  a  mile  in  length  for  transmission  in  both  directions  ; 
and,  for  the  first  time,  compressed  air  was  used  for  propulsion  in  one 
direction,  a  vacuum  being  retained  for  the  other. 

London  System.  This  1858  line  was  the  nucleus  of  the  present  34 
miles  comprised  in  the  London  system.    The  tubes  are  from  2^  to  3 
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inches  in  diameter  and  are  of  lead  encased  in  cast  iron  pipes  for  pro- 
tection. The  joints  of  the  lead  tubes  are  made  smooth  and  uniform  by 
soldering  over  a  heated  mandrel.  The  carriers  consist  of  light  felt 
with  leather  flare-pieces,  front  and  rear,  fitting  the  tube. 

Berlin,  Paris  a7id  Vienna.  The  Berlin  tubes  are  .somewhat  smaller 
than  those  in  London.  In  both  cities  the  radial  lay-out  is  u.sed,  the 
tubes  branching  in  pairs  from  a  central  station.  The  systems  of  Paris 
and  Vienna  are  planned  on  the  polygonal-circuit  sy.stem, — the  carriers 
moving,  in  one  direction  only,  around  the  sides  of  a  polygon,  and 
passing  in  turn  through  each  station. 

United  States  Small  Tubes.  In  this  country  the  Western  Union 
Telegraph  Company,  .since  1876,  has  used  small  tubes  in  New  York 
City  for  the  transmission  of  telegrams  between  its  main  office  and  some 
sub-stations.  Small  tubes  are  also  common  in  the  cash  systems  of  our 
department  stores  and,  to  an  increa.sing  extent,  in  large  office  and 
public  buildings,  and  it  is  not  necessary  here  to  discuss  their  essential 
features. 

THE  PHII^ADEr^PHIA  SIX-INCH  LINE. 

Change  to  Increased  Size  Difficult.  The  large  mail  tubes  of  the 
United  States  present  greatly  increased  difficulties  over  their  smaller 
and  therefore  simpler  European  prototypes.  As  an  instance,  the  car- 
rier in  the  Paris  system  weighs,  when  filled  to  its  capacity  of  35  mes- 
sages, a  trifle  over  two-thirds  of  a  pound.  A  carrier  of  New  York's 
eight-inch  lines  weighs  nearly  16  pounds  empty  and  between  25  and 
30  pounds  full, — its  capacity  being  from  400  to  600  letters.  This  dif- 
ference is  graphically  shown  in  Fig.  z,  which  is  a  photograph  of  the 
different  carriers.  It  may  readily  be  conceived,  therefore,  that  the 
jump  to  a  .six-inch  system  was  no  easy  one.  It*was  accompli.shed  suc- 
cessfully however,  in  the  winter  of  1892-93,  by  B.  C.  Batcheller,  an 
American  mechanical  engineer,  who  was  chosen  as  engineer  in  charge 
of  construction  by  a  Philadelphia  company  about  to  lay  a  six-inch  line 
between  the  general  post  office  of  that  city  and  a  sub-station  in  the 
Bourse. 

Principal  Problems.  When  Mr.  Batcheller  came  to  build  the  system 
he  found  radical  defects  in  the  design  of  tubes  and  apparatus,  and 
much  of  it  had  to  be  re-designed  by  him.  The  more  important  problems 
requiring  solution  were  the  need  for  a  tube  with  absolutely  smooth  in- 
terior, a  carrier  light  though  strong  enough  to  stand  the  hard  u.se  it 
would  receive,  and  the  starting  and  stopping  of  the  carriers.  In  the 
last,  the  European  method  of  interposing  some  .solid  obstruction  was, 
of  course,  inadmissible,  and  the  great  momentum  of  the  much  heavier 
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1.  — Carrier  used  in  ihe  Berlin  system. 

2.  — Largest  carrier  used  in  the  London  system. 

3.  — Six-inch  carrier  used  in  the  first  Philadel])hia  system. 

4.  — Eight-inch  carrier  used  in  New  York.  Boston  and  Philadelphia. 
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and  more  rapidly  moving  carrier  made  necessary  the  use  of  the  present 
automatic  receiving  apparatus,  whereby  the  carrier  is  brought  gradu- 
ally to  rest  by  means  of  an  air  cushion. 

Description  6-inch  Line.  This  six-inch  line  is  the  basis  of  all  the 
eight-inch  systems  afterward  constructed.  Its  features  are,  in  the 
main,  identical  and  will  be  described  later  on  under  those  of  the  larger 
tubes.  The  transmitting  apparatus  only  is  different  in  form  though 
not  in  principle.  It  consists  practicall}'  of  a  large  valve  turned  in  a 
circular  casing  by  hand,  so  that  a  carrier  may  be  inserted  off  the  line 
of  the  tube  and  brought  into  it  and  discharged  without  interfering 
with  the  continuous  flow  of  the  air  current.  The  line  is  what  is 
known  as  a  loop  or  one-compressor  circuit  with  closed  receiver  at  the 
terminal  opposite  from  the  compressor.  This  latter  is  of  the  Clayton 
type,  25  H.P.,  and  supplies  800  cu.  ft.  of  free  air  per  minute,  at  7  lbs. 
pressure. 

While  the  eight-inch  lines  are  essentially  similar  to  the  original  six- 
inch  one,  they  are  of  much  greater  capacity  and  importance,  and  the 
heavier  carriers,  increased  momentum,  and  the  larger  and  more  com- 
plex apparatus  present  operating  problems  in  no  way  comparable  with 
those  of  the  Philadelphia  small  system. 

EIGHT-INCH  I.INES. 

hi  Philadelphia,  Boston  and  New  York.  In  1897  Congress  author- 
ized the  construction  of  systems  of  eight-inch  tubes  in  Philadelphia, 
New  York  and  Boston  for  mail  carrying  purposes.  The  Philadelphia 
circuit  is  a  one-compressor  line  connecting  the  General  Post  Office 
with  the  Pennsylvania  Railroad  station,  taking  in  on  the  way  the 
Reading  Terminal  as  an  intermediate.  The  Boston  line,  between  the 
General  Post  Office  and  the  Union  Railway  station,  is  also  a  short  one, 
having  one  compressor,  and,  at  the  opposite  terminal,  a  closed  receiver. 

In  New  York  city  three  circuits  were  constructed,  all  centering  at 
the  General  Post  Office, — one  running  to  the  Brooklyn  Post  Office,  one 
to  the  branch  post  office  station  in  the  Produce  Exchange  building 
near  the  Battery,  and  one  to  Branch  "  H  "  on  Depew  Place  just  across 
the  street  from  the  Grand  Central  Station.  All  the  above  lines  were 
constructed  under  the  Batcheller  patents,  and  all  are  plenum  systems. 

THE  NEW  YORK  CIRCUITS. 

Line  to  Produce  Exchange.  This  was  the  first  eight-inch  circuit 
built,  being  completed  early  in  October,  1897,  two  months  after 
ground  was  broken. 
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The  one  compressor  is  at  the  G.  P.  O.  end,  where  the  terminal 
machiner}'  consists  of  an  open  receiver  and  a  transmitter.  The 
Produce  Exchange  station  is  equipped  with  a  transmitter  and  closed 
receiver.  The  air-current  from  the  compressor  flows  out  one  tube  to 
the  Produce  Exchange,  through  the  closed  receiver  there,  and  back  in 
the  other  tube  to  the  G.  P.  O. 

The  length  between  terminals  is  0.775  niiles,  and  the  average  time 
of  transit  one  way  is  i  min.  33  sec.  at  the  speed  used  on  all  these  cir- 
cuits, 30  miles  per  hour,  or  44  ft.  per  sec.  The  initial  pressure  is  6 
lbs.  at  the  G.  P.  O.,  the  pressure  faUing  to  3  lbs.  at  the  Produce  Ex- 
change. 

Line  to  the  Grand  Central  Station.  As  first  constructed,  this  circuit 
was  continuous  between  the  G.  P.  O.  and  Branch  "H",  with 
branches  to  three  intermediate  stations,  P.  O.  Branch  "D",  8th 
Street  and  3rd  Avenue  ;  "  Madison  Square",  23rd  Street  and  Madison 
Avenue;  and  "F",  28th  Street  and  3rd  Avenue.  The.se  branches 
could  be  thrown  in  or  out  of  the  trunk  line  by  switches  operated  from 
the  intermediate  stations.  When  the  circuit  was  in  complete  operation, 
however,  it  was  designed  to  have  the  carriers  pass  through  each  station 
in  turn,  their  separation  being  accomplished  by  the  intermediate 
machines  themselves  in  a  manner  to  be  described  later  on. 

The  original  circuit  was  3.64  miles  long  between  terminals,  by  way 
of  the  trunk,  and  4.41  miles  by  the  route  in  and  out  each  of  the  inter- 
mediate stations.  With  the  smaller  distance  it  took  7  min.  16  sec.  for 
a  carrier  to  pass  from  G.  P.  O.  to  Branch  "  H",  and  8  min.  49  sec. 
by  way  of  the  intermediates.  The  initial  pressure  was  11^  lbs.,  with 
a  compressor  of  90  H.P.  at  each  end  of  the  line.  A  transmitter  and 
open  receiver  constituted  the  terminal  station  equipment,  and  there 
were  two  intermediate  machines  at  each  branch  station. 

The  circuit  has  since  been  divided  at  the  Madison  Square  station,  so 
that  it  now  consists  of  two  lines,  each  terminating  at  that  point.  The 
reasons  for  the  change  will  be  discussed  in  another  part  of  this  paper. 
It  is  interesting  to  note  that  the  original  circuit  was  the  longest  line, 
either  of  small  or  large  tubes,  in  existence. 

Line  to  Brooklyn.  This  connects  the  New  York  and  Brooklyn 
General  Post  Offices  by  way  of  the  Brooklyn  Bridge.  At  each  end  of 
the  line  are  a  compressor,  open  receiver  and  transmitter.  There  are 
no  intermediate  stations,  and  the  circuit  is  a  good  example  of  the  sim- 
plest pneumatic  tube  construction  for  large  mail  lines.  The  length 
one  way  is  1.65  miles,  of  which  one  mile  is  on  the  bridge.  Each  com- 
pressor is  of  about  45  H.P.,  and  the  initial  pressure  used  is  5^^  lbs., 
which  gives  as  the  time  between  terminals,  3  min.  18  sec. 


FIG.  4.    LAYING  THE  TUBES. 
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TUBES  AND  I^AYING. 

Material  ajid  Dimeyisions.  The  tubes  used  in  all  the  eight-inch  sys- 
tems are  speciall}'  cast  water  pipe  bored  carefull)"  to  a  smooth  interior 
surface.  This  pipe  is  yg-  in.  thick  before  boring,  and  weighs  60  lbs. 
per  ft.,  or  720  lbs.  per  12  ft.  length.  It  is  cast  8  inches  inside  meas- 
urement and  bored  to  inches.  The  boring  is  done  ver}^  accurately 
in  Philadelphia  by  an  ingenious  process  devised  by  Mr.  Batcheller 
early  in  the  construction  work  on  the  six-inch  line. 

Wrought  iron  tubes  were  first  supplied  for  the  line,  but  they  had  to 
be  discarded  on  account  of  their  unevenness  and  many  imperfections. 
At  the  time,  the  bored  cast  iron  pipe  was  deemed  a  temporary  ex- 
pedient, but  nothing  better  has  since  been  found.  Wrought  iron  is 
too  rough,  brass  too  expensive,  and  steel  tubing  has  not  yet  been 
drawn  uniform  enough.  The  disadvantages  of  the  bored  cast  iron  are 
expense  and  rusting. 

Accuracy  i7i  Boriiig.  Smoothness  and  uniformity  of  interior  are  es- 
sential because  of  the  rigidity  of  the  carrier  and  to  minimize  friction. 
The  Philadelphia  factory  bores  to  a  variation  in  diameter  of  o.oi  inch, 
measured  by  passing  a  hardened  steel  mandrel  through  the  finished 
tube.  In  laying,  another  mandrel  is  used  which  is  -^-^  inch  smaller 
than  the  tube.  To  insure  a  straight  and  continuous  interior  the  spigot 
end  of  each  tube  is  machined  to  fit  a  counter-bore  turned  in  the  bell  of 
the  next  length. 

Bends.  For  turning  street  corners  and  passing  obstructions  bends 
of  seamless  brass  tubing,  8^  inches  in  diameter  and  ^  inch  thick,  are 
used.  All  bends  are  of  the  one  radius,  8  feet.  In  order  to  preserve 
a  uniform  cross-section  when  bending  the  tube,  it  is  filled  with  hot 
resin  and  bent  between  rolls  after  the  resin  has  cooled.  Any  slight 
inequalities  are  removed  with  a  mandrel.  After  the  ends  are  cut  and 
fitted  with  brass  flanges  for  joining,  the  bend  is  complete. 

The  tubes  are  laid  side  by  side  in  the  trench  with  no  other  support 
than  wooden  blocking.  The  fragile  bends  only  are  bricked  or  con- 
creted in  for  proteetion.  In  New  York  the  maze  of  underground  pipes 
in  some  of  the  downtown  streets  left  little  room  for  the  pneumatic 
lines  ;  but,  in  addition  to  the  bends  and  their  combinations,  the  tubes 
themselves  can  be  deflected  at  each  joint  as  much  as  48  minutes,  or  2 
inches  in  12  feet,  making  the  avoidance  of  obstructions  ordinarily  easy. 

Jointing.  Extreme  care  is  ob.served  in  jointing  and  in  keeping  the 
interior  of  the  tubes  clean  and  free  from  rust.  The  joints  are  lead, 
and,  in  caulking,  the  laying  mandrel  is  kept  in  the  tube  to  be  pulled 
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through  afterward  for  testing  the  joint,  the  interior  of  the  tube,  and 
the  deflection.  Before  jointing,  each  spigot  is  rammed  tightly  home 
into  its  opposite  counter  bore.  In  spite  of  the  closest  inspection,  the 
trial  of  the  first  carrier  through  the  completed  tube  is  always  a  matter 
of  considerable  concern  to  the  engineers  charged  with  the  work. 

Caulked  joints  have  the  advantage  over  flanged  ones  of  providing 
a  slight  though  sufficient  play,  and,  in  the  case  of  tubes  underground, 
of  taking  care  of  the  expansion  and  contraction  without  the  need  of 
special  devices. 

Switch  Vaults,  Gage  Pipes  and  Drips.  The  physical  equipment  of 
the  line  proper  is  completed  with  vaults  to  contain  the  switches  where 
branches  turn  out  from  trunks  ;  gage  pipes  (small  pipes  every  300  ft., 
tapped  into  the  tube  and  run  into  boxes  at  the  street  surface)  for  test- 
ing pressure  and  locating  obstructions  ;  and,  at  all  low  points,  drips 
for  the  collection  of  moisture  of  condensation.  These  are  boxes  hold- 
ing about  five  gallons  of  water,  and  blown  off,  through  small  pipes 
leading  to  the  street,  by  the  tube  pressure.  In  New  York  the  drips 
are  attended  to  at  stated  intervals  by  a  lineman,  who  is  also  charged 
with  a  vigilant  inspection  of  all  street  openings  near  the  tube. 

DISPATCHING  AND  RECEIVING  APPARATUS. 

Transmitter.  The  transmitter  for  the  Philadelphia  six-inch  line  has 
already  been  described.  That  for  the  eight-inch  system  consists  of  a 
swinging  cradle  holding  two  short  sections  of  tube  (barely  longer  than 
the  carrier),  at  opposite  ends  of  an  arc  of  about  45  degrees.  The 
transmitter  in  the  position  for  sending  is  shown  in  section  in  Fig.  5. 

A  continuous  air  current  flows  from  the  compressor  to  the  under- 
ground line,  passing  through  B,  one  of  the  short  sections,  on  its  way. 
When  a  carrier  is  to  be  dispatched,  it  is  inserted  in  the  opposite  short 
piece  C,  being  supported  and  guided  in  the  operation  by  a  metal  trough. 
An  operator  then  pulls  the  lever  K,  and  the  cradle  swings  over  between 
the  fixed  guides  L  until  the"  section  C  takes  the  place  of  B  in  the  line 
of  the  air  current,  thus  discharging  the  carrier.  During  the  motion 
of  the  cradle  back  and  forth,  the  air  current  is  shut  off  by  the  plates 
M  (which  form  part  of  the  frame  connecting  the  short  pieces  B  and  C) 
and  deflected  through  a  by-pass  D. 

The  power  to  move  the  cradle  is  furnished  from  the  air  pressure  of 
the  tubes.  This  pressure  is  the  motive  power  in  the  case  of  all  the 
terminal  apparatus  of  the  system.  The  hand  lever  K  c»perates  a  con- 
trolling valve  which  admits  air  to  the  cylinder  and  piston  H  to  swing 


FIG.  5.    CROSS-vSECTlON  OF  vSENDING  APPARATUvS. 


FIG.  6.    TIME-IvOCK  FOR  SENDING  APPARATUS. 
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the  cradle.  As  the  carrier  leaves  the  transmitter,  it  trips  a  steel  finger, 
which  throws  back  the  lever  and  allows  the  cradle  to  return  to  its 
former  position. 

Ti7ne  Lock.  A  regular  interval  must  be  preserved  between  the  dis- 
patch of  carriers,  made  great  enough  to  prevent  as  far  as  possible  the 
overtaking  of  one  carrier  by  another  and  their  appearance  at  the  re- 
ceiving station  so  close  together  that  an  accident  may  result.  For  this 
purpose  a  time  lock  is  attached  to  each  transmitter  consisting  (see 
Fig.  6)  of  a  piston  in  an  oil  dash  pot  moved  upward  against  a  spring 
when  the  carrier  is  dispatched.  The  upward  stroke  of  the  piston  locks 
the  controlling  valve  of  the  transmitter  and  prevents  the  sending  of 
any  more  carriers  until  the  piston  returns  to  place,  which  it  does  by 
the  spring  pulling  it  slowly  downward  against  the  oil  in  the  cylinder. 
As  the  piston  descends,  the  oil  escapes  through  a  small  hole,  the  opening 
of  which  can  be  adjusted  to  give  any  desired  speed  to  the  piston  and  a 
corresponding  time  interval  between  dispatching.  If  the  operator  pulls 
the  lever  while  the  transmitter  is  locked,  the  cradle  will  not  move  until 
the  set  time  interval  has  expired,  when  it  will  go  over  automatically 
and  discharge  the  carrier.  So  far  as  dispatching  is  concerned,  the 
operator's  only  work  is  pulling  the  lever,  after  which  he  may  attend  to 
other  duties  until  the  transmitter  acts. 

Open  Receiver.  At  the  other  end  of  the  tube  from  the  compressor 
the  pressure  has  fallen  to  nearly  atmospheric,  and  the  carriers 
are  stopped  and  taken  out  of  the  tube  by  means  of  an  open  re- 
ceiver. It  consists  of  an  air  cushion  and  dead  end  formed  by  clos- 
ing the  end  of  the  tube  by  a  gate  and  taking  the  air  current 
through  a  by -pass.  As  the  carrier  comes  into  the  dead  end,  the 
air  current  behind  it  is  deflected  downward  through  the  by-pass 
into  the  engine  room,  the  degree  of  such  deflection  being  regulated 
by  a  damper  controlled  from  a  hand  lever  under  the  dead  end,  and 
determined  by  the  small  amount  of  air  required  behind  the  carrier 
to  force  it  out  when  the  gate  has  opened.  As  the  air  cu.shion  in  the 
dead  end  overcomes  the  momentum  of  the  carrier  and  is  compressed 
ahead  of  it,  the  increase  in  pressure  operates  a  small  valve  that  admits 
air  to  the  under  side  of  a  piston  in  a  cylinder  directly  above  the  gate. 
The  gate  is  attached  to  the  piston  and  opens  as  the  latter  rises,  allowing 
the  carrier,  under  the  influence  of  the  few  ounces  of  pressure  behind 
it,  to  be  discharged  on  to  the  receiving  pan.  The  carrier  as  it  passes 
under  the  gate  lifts  a  steel  finger  hanging  downward  in  the  tube,  which, 
in  dropping,  admits  air  to  the  upper  side  of  the  piston  and  thus  closes 
the  gate. 
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In  the  event  of  carriers  overhauling  one  another  in  the  tube,  the 
finger  has  no  chance  to  fall  so  long  as  the  carriers  come  in  together, 
and  the  gate  remains  open  until  the  last  one  is  out  of  the  way  ;  but 
with  the  carriers  a  short  distance  apart,  the  finger  has  had  an  oppor- 
tunity to  release  the  gate  which  may  be  falling  just  as  the  following 
carrier  comes  under  it.  A  carrier  is  not  often  crushed  in  this  manner, 
as  the  open  receiver  occupies  less  than  one  second  for  its  complete 
cycle,  and  one  carrier  is  usually  out  of  the  way  before  the  next  arrives. 

Carriers  are  sometimes  received  with  greatly  varying  force  depending 
upon  the  length  of  line,  its  conditions  as  to  lubrication,  its  degree  of 
loading,  the  size  of  bearing  rings  of  the  carriers,  the  weight  of  mail 
they  contain,  and  the  cleanliness  of  the  interior  of  the  dead  end.  In 
extreme  cases  one  carrier  may  stick  under  the  gate,  requiring  the 
closing  of  the  by-pass  damper  to  blow  it  out,  and  the  next  may  be  dis- 
charged into  the  pan  with  great  force,  although  the  damper  has  been 
reset  in  the  meantime.  To  prevent  injury  to  the  carriers  a  buffer  is 
provided  in  the  receiving  pan,  consisting  of  a  spring  and  small  air 
cushion  or  of  a  stationary  leather  bag  stuffed  with  cotton  waste. 

Closed  Receiver.  In  a  loop  or  one-compressor  circuit,  as  described  in 
a  previous  paragraph,  the  pressure  at  the  terminal  away  from  the  com- 
pressor is  too  much  above  that  of  the  atmosphere  to  admit  of  the  use  of 
the  open  receiver.  The  carrier  must  be  removed  from  the  tube  without 
interrupting  the  continuous  flow  of  the  air  current  or  allowing  it  to 
escape  into  the  station  with  the  noise  and  rush  of  air  that  would  ensue. 
At  such  stations  the  closed  receiver  shown  in  Fig.  7  is  used.  It  is 
practically  a  closed  section  of  tube,  long  enough  to  receive  two  carriers, 
and  hung  on  trunnions  so  that  it  can  tilt  to  an  angle  of  45°  from  the 
horizontal.  The  carrier  runs  directly  into  this  short  section  or  barrel 
and  is  brought  to  rest  by  the  air  compressed  ahead  of  it, — a  relief  valve 
in  the  closed  end  of  the  receiver  preventing  the  carrier  from  rebounding. 

The  added  pressure  ahead  of  the  carrier  operates  a  small  piston  .slide- 
valve  which  admits  air  into  a  vertical  cylinder  below  the  closed  end  of 
the  barrel.  The  piston  of  this  cylinder  is  connected  10  the  end  of  the 
receiver  so  that  as  the  piston  is  forced  upward  by  the  air  under  it,  the 
barrel  is  tilted  and  the  carrier  allowed  to  slide  down  through  the  open 
end  on  to  a  steel  pan  pivoted  at  an  angle  of  45°,  and  depressed  to  the 
horizontal  bj^  the  weight  of  the  carrier,  which  then  rolls  off  on  to  the 
receiving  table.  As  the  barrel  tilts,  a  curved  plate  carried  by  it  above 
its  open  end  closes  off  the  end  of  the  tube,  and  the  air  current  flows  on 
down  a  by-pass  and  through  the  transmitter  of  the  return  line. 

The  controlling  valve  is  reversed  by  the  downward  movement  of  the 
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pivoted  pan  under  the  weight  of  the  carrier  and  the  barrel  returns  to 
the  horizontal  again,  the  complete  operation  requiring  from  3^  to  4 
seconds.  If  a  carrier  comes  into  the  station  before  this  time,  it  may  so 
wedge  the  receiver  as  to  cut  off  the  air  current  and  thus  cause  a 
blockade. 

hiter^nediate  Machi7ies.  For  stations  intermediate  between  two  ter- 
minals an  apparatus  is  used  more  complicated  than  any  j^et  described. 
In  effect  it  is  a  combination  of  closed  receiver  and  transmitter  with  the 
addition  of  an  electric  attachment  for  separating  the  carriers  by  stations. 
The  dead  end  in  which  the  carrier  is  brought  to  rest  is  contained  in  a 
large  wheel  that  revolves  to  two  positions,  one  at  45°  when  the  carrier 
is  to  be  thrown  out  at  the  station,  and  the  other  at  90°  when  it  is  to  be 
sent  on  through  the  tube.  This  wheel  is  operated  by  a  cylinder  and 
piston  with  pressure  from  the  line  ;  and  a  transmitting  cradle  set  verti- 
cally, instead  of  horizontally  as  in  the  ordinary  dispatcher,  is  moved  in 
a  similar  manner.  When  the  wheel  is  revolving,  the  air  current  is  de- 
flected through  a  by-pass  as  in  the  closed  receiver. 

Separating  the  Carriers.  As  a  carrier  reaches  the  station,  it  runs  up 
a  long  reverse  bend  from  the  street,  and  is  brought  to  rest  in  the  dead 
end  of  the  wheel.  A  relief  valve  allows  the  carrier  to  come  up  gently 
against  the  head  of  the  dead  end  where  it  touches  two  contact  points 
set  in  a  case  in  the  head  and  held  in  place  against  springs.  If  the 
carrier  is  not  meant  for  the  station  it  will  revolve  the  wheel  through  90° 
until  the  carrier  comes  over  a  vertical  outlet  and  is  discharged  into  the 
tube.  If  destined  for  the  station,  a  metal  disc  attached  to  the  bottom 
the  carrier  will  close  an  electric  circuit  between  the  two  contact 
points,  causing  the  wheel  to  stop  at  45°,  where  the  carrier  is  ejected. 
This  is  a  bare  outline  of  a  rather  involved  operation  which,  in  the  case 
of  the  90°  swing,  requires  from  5  to  7  seconds  for  its  completion. 

On  the  long  Grand  Central  circuit  with  the  three  intermediate  sta- 
tions as  originally  contemplated,  the  distance  between  the  contact 
needles  was  varied  to  correspond  with  a  different  size  disc  for  each  sta- 
tion, the  largest  for  Branch  "  D  ",  the  medium  size  for  Branch  "  Madi- 
son Square"  and  the  smallest  for  Branch  "F".  A  carrier  without 
disc  would  pass  in  turn  through  the  wheel  at  each  station  until  it 
reached  the  terminal  ;  with  disc  it  would  be  thrown  out  at  the  station 
whose  contact  needles  were  spaced  to  correspond  or  were  closer  together 
than  the  size  of  the  disc.  In  the  latter  instance  it  was  necessary  to  re- 
despatch  the  carrier. 

Preserving  Carrier  Intervals.  Besides  the  separation  process,  the 
intermediate  machine  has  another  function, — that  of  maintaining  the 
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intervals  between  carriers.  A  time  lock  on  the  same  principle  as  the 
transmitting  one  previously  described,  acts  to  automatically  throw  in 
the  45°  stop  when  a  carrier,  with  or  without  contact  disc,  arrives  at  the 
station  too  near  to  the  one  ahead.  The  ejected  carrier  will  then  have 
to  be  retransmitted  by  the  operator  after  the  regular  time  interval  has 
been  obtained. 

Switches.  The  switches  for  the  intermediate  stations  on  the  Grand 
Central  circuit  are  shown  in  Fig.  8.  They  are  operated  by  air  power, — 
a  valve  being  opened  and  tube  pressure  admitted  to  the  cylinders  by  the 
throwing  of  an  electric  switch  at  the  station.  It  must  be  borne  in  mind 
that  the  switches  in  the  Batcheller  system  are  not  used  to  separate  the 
carriers,  but  only  to  cut  a  branch  station  in  or  out  from  the  trunk  as 
need  or  convenience  requires. 

THE  CARRIER. 

It  is  safe  to  say  that  the  carrier  is  the  most  troublesome  problem  of  a 
system  of  large  tubes.  On  the  New  York  lines  it  is  still  the  weakest 
point  of  the  equipment  in  spite  of  the  time  and  thought  given  to  its 
development  both  by  the  inventor  and  the  operating  engineers,  and  of 
the  many  changes  made  in  the  original  form. 

Carrier  Described.  Its  main  features  are  a  steel  cylinder  inch 
thick,  24  inches  long  and  7  inches  in  diameter,  having  at  one  end  (the 
forward  one  as  the  carrier  goes  through  the  tube),  a  convex  bottom 
holding  a  buffer,  the  other  end  being  closed  by  a  hinged  lid.  On  the 
outside  of  the  shell  are  two  double  bands  of  metal  holding  a  ring  of 
some  packing  material.  The.se  are  called  packing  or  bearing  rings, 
and  comprise  its  frictional  surface  during  the  passage  of  the  carrier 
through  the  tube. 

The  first  carrier  used  in  the  New  York  system  was  made  of  sheet 
metal  bent  into  a  cylinder  and  riveted, — the  convex  bottom  piece  being 
riveted  to  this  shell  in  an  overlap.  Later,  weight  was  saved  as  well  as 
a  tighter  shell  secured  by  making  it  of  seamless  tubing, — the  bottom 
being  riveted  on  as  before.  This  shell  is  the  one  still  in  use,  but,  as 
the  consummation  of  experiments  begun  over  a  year  ago,  carriers  are 
now  being  constructed  in  one  piece,  cylinder  and  bottom,  being  spun 
up  from  the  sheet  metal.  The  packing  rings,  however,  are  still  riveted 
to  this  one-piece  shell,  which  permits  of  danger  from  the  dropping  of 
loose  rivets  into  the  tube,  as  well  as  from  the  chance  given  to  moisture 
to  enter  the  carrier  through  the  piercing  of  the  shell.  To  obviate  both 
these  disadvantages  and  to  secure  what  has  not  yet  been  achieved, — a 
perfectly  water-tight  carrier, — plans  are  now  being  drawn  for  an  im- 
proved carrier  designed  by  one  of  the  officials  of  the  company. 
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Bicjff^ers,  In  the  early  carrier  these  are  of  heavy  felt,  having  strips 
of  sole  leather  riveted  together  to  form  the  wearing  face.  I^ater  a 
buffer  made  of  small  pieces  of  cork,  moulded  into  a  form,  v^^as  used, 
and  finally  it  was  found  possible  to  make  this  body  of  solid  cork,  which 
is  now  the  buffer  in  use.  During  the  experiments  with  buffers,  one  of 
leather  stuffed  w4th  horse-hair  was  tried,  but  the  leather  covering  was 
liable  to  rip,  and  the  loose  hair  released  into  the  tube  became  a  sure 
means  of  wedging  carriers  and  of  thus  blocking  the  line. 

The  solid  cork  buffer  now  used  is  faced  with  strips  of  sole  leather 
and  is  tapped  through  the  centre  for  the  bolt  fastening  it  to  the  carrier 
bottom,  and  for  the  brass  stud  piece  holding  the  metal  disc  used  in 
making  contact  at  the  intermediate  machines. 

Lids.  The  early  lid,  and  the  one  still  used  on  the  smaller  New  York 
circuits  consists  of  a  flat  piece  of  metal  with  bent  edges,  and  having 
three  radial  bolts  locking  through  holes  in  the  shell  and  the  bent  edges 
of  lid.  These  bolts  are  operated  eccentrically  by  a  lever  or  handle  on 
the  top  of  the  lid.  The  lever  is  also  placed  eccentrically  so  that  when 
swung  into  the  locking  position,  it  entirely  clears  the  tube.  In  transit, 
the  walls  of  the  tube  prevent  the  lever  from  swinging  around  and  thus 
.unlocking  the  lid.  The  necessity  for  a  positive  locking  device  is 
apparent  from  consideration  of  the  result  that  will  ensue  if  a  carrier 
containing  mail  comes  open  in  the  tube.  The  mail  is  allowed  to  enter 
the  tube,  and  may  be  ground  to  bits  by  the  following  carrier. 

The  three  bolt  lid  was  at  first  tapped  with  two  holes,  copying  that  of 
the  smaller  carrier  of  the  six-inch  Philadelphia  system.  These  holes 
served  for  the  equalization  of  pressure  inside  the  carrier  and  the  tube. 
In  the  eight-inch  systems,  these  holes  had  to  be  closed  up  as  well  as  the 
large  opening  at  the  hinge,  in  order  to  prevent  the  entrance  of  water  of 
condensation,  a  feature  of  the  longer  lines  and  higher  pressures.  On 
the  long  Grand  Central  circuit,  this  precaution  was  not  found  sufficient 
and  it  was  necessary  entirely  to  re-design  the  lid.  The  device  now  in 
use  is  a  metal  dish  setting  tightly  inside  the  carrier  against  a  rubber 
gasket.  It  is  also  an  attached  lid,  having  a  two-leaf  hinge.  This 
hinge  is  beneath  the  lid,  while  the  locking  mechanism  consisting  of 
four  bolts,  entering  the  carrier  shell  at  four  different  points,  is  on  top 
but  lower  than  the  outer  rim  of  the  carrier,  for  protection  against  in- 
jury. The  bolts  are  thrown  by  a  lever  as  in  the  case  of  the  three-bolt 
type,  and  the  lever  is  kept  from  being  bent  upward  and  thus  allowing 
the  lid  to  open  by  a  metal  spring  which  clutches  it  firmly  in  place  after 
locking.  The  rubber  gaskets  make  this  carrier  somewhat  difficult  to 
lock,  and  at  times  the  bolts  have  been  shot  over  the  top  of  the  carrier 
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instead  of  through  the  holes  in  the  shell  without  the  operator  being 
aware  of  the  mistake. 

Packing  Rings.  The  outside  diameter  of  the  bearing  rings  is  8^\- 
inch  when  newly  packed.  In  use,  they  are  allowed  to  wear  down  to  8 
inches,  or  ^^^-inch  below.  The  packing  material  consists  of  a  combi- 
nation of  rubber  and  duck,  vulcanized  as  hard  as  is  possible  without 
impairment  of  the  tissues.  Formerly  the  rings  were  of  cotton  fibre 
and  easily  wore  out,  lasting  only  1,500  miles  per  carrier.  The  wear 
now  is  nearly  9,000  miles.  This  wear  of  packing  rings  is  the  largest 
item  of  maintenance  cost.  The  weight  of  the  carrier  makes  a  great 
difference  in  the  life  of  the  rings,  and  the  condition  of  the  tube  in- 
terior is  also  an  important  consideration.  Previous  to  the  cutting  of 
the  long  Grand  Central  circuit,  its  tubes  were  at  times  drenched  with 
moisture.  This  acted  as  an  efficient  lubricant,  but  after  the  tubes  dried 
out  their  interior  became  so  gummy  that  it  was  necessary  to  send  oil 
through  the  line  in  a  specially  prepared  carrier.  The  best  normal 
lubrication  is  on  the  two  shorter  circuits, — the  best  of  all,  probably, 
being  on  the  Brooklyn  line  where  enough  oil  enters  the  expansion  joints 
on  the  Brooklyn  Bridge  to  keep  the  tube  in  a  moderately  greasy  con- 
dition, but  not  enough  to  rot  the  packing. 

The  location  of  the  packing  rings  on  the  shell  of  a  carrier  is  deter- 
mined (after  the  length  and  diameter  of  the  carrier  has  been  decided 
upon)  by  the  ability  to  pass  the  brass  bends  of  8  ft.  radius.  The  rings 
are  placed  so  that,  in  going  around  a  bend,  the  centre  of  the  carrier 
just  escapes  touching  the  inner  or  shorter  side  of  the  brass  tube,  while 
its  ends  are  almost  in  contact  with  the  side  opposite.  On  the  8-inch 
carrier  the  rings  are  3-inches  from  the  ends,  although  this  could  be 
made  a  trifle  less  with  safety,  if  all  the  bends  were  absolutely  uniform. 

Maintenance  of  Carriers.  In  the  long  New  York  tube,  water  causes 
the  rusting  of  the  carrier  and  a  consequent  shortening  of  its  life.  Its 
entrance  is  principally  under  the  packing  ring  nearest  the  front  or 
buffer  end  where  it  causes  a  rusting  that  eventually  eats  through  the 
shell.  Various  preventives  have  been  used,  as  painting  the  shell 
under  the  ring  with  a  waterproof  paint  used  in  electrical  construction, 
and  galvanizing  or  tinning  the  entire  shell  body  before  the  carrier  is 
made  up.  Under  the  tinning  process,  the  shell  became  softened  from 
overheating,  and  would  buckle  easily  by  the  ordinary  impact  of  opera- 
tion. Galvanizing  has  finally  been  adopted,  but  is  not  altogether 
satisfactory  with  a  very  wet  line. 

In  addition  to  the  shortening  of  a  carrier's  life  by  rust,  the  weight 
and  consequent  momentum  of  this  rapidly  moving  shell  subjects  it  to 
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severe  wear  and  tear.  Carriers  receive  their  hardest  knocks  in  colli- 
sions or  in  blocks,  but  even  ordinary  operation  furnishes  a  strain  at 
each  receiving  station  despite  the  use  of  buffers  and  the  methods  to 
check  the  carrier's  velocit.v. 

The  racking  of  the  carrier  received  in  operation,  its  deterioration 
from  rust,  and  the  replacing  of  the  bearing  rings  after  wear  constitute 
a  charge  on  the  New  York  circuits  of  i^^/c  of  the  entire  operating  ex- 
pense. On  the  simple  Bridge  circuit,  this  maintenance  cost  is  onl}^  7%. 
This  abnormalh^  heavy  charge  will  be  decreased  by  the  one-piece  shell, 
and  b}'  further  developments  in  packing  material.  At  present,  how- 
ever, it  keeps  a  considerable  force  busy  at  the  Company's  repair  shop 
situated  in  its  power  house,  near  the  northern  terminal  of  the  Grand 
Central  line. 

THE  AIR  CURRENT. 

It  is  not  the  intention  of  the  writer  to  discuss  here  the  general  prin- 
ciples underlying  the  flow  of  air  in  tubes.  The  theory  on  the  subject 
is  given  in  the  regular  college  course,  and  the  more  important  relations 
existing  between  pressure,  expansion,  velocit}'  and  temperature  are 
well  known. 

Pressure  and  Exhaust  Systems.  In  pneumatic  tube  transmission  in 
Europe  the  two  systems  of  propulsion,  compression  and  exhaustion, 
are  ordinarily  used  together.  Thus  in  the  London  tubes,  compression 
is  used  in  the  outgoing  line  and  exhaustion  in  the  incoming  ;  and  the 
store  systems  adopt  the  same  arrangement,  the  great  advantage  of 
w^hich  is  in  the  concentration  of  plant  at  a  central  station.  In  power 
required,  the  exhaust  system  is  the  more  economical,  for  in  all  cases, 
most  of  the  work  is  done  in  moving  the  column  of  air  through  the 
tube  against  the  friction  of  the  interior,  and  this  friction  varies  directly 
with  the  density  of  the  air. 

In  all  the  large  tubes  the  compression  method  alone  is  used.  It 
affords  better  air  cushions,  allows  the  operating  cylinders  of  the 
terminal  apparatus  to  be  made  smaller,  and,  if  leaky  joints  exist  in 
the  tube,  keeps  water  and  gas  from  entering.  Air  at  a  constant  initial 
pressure  is  forced  in  at  one  end  of  the  tube  and  kept  supplied  by  the 
compressor  as  rapidly  as  it  flows  off.  When  the  current  reaches  the 
open  end  of  the  tube  its  pressure  has  fallen  to  atmospheric  and  its 
velocity  has  materially  increased,  due  to  the  expansion  of  the  air. 
The  rate  of  increase  in  the  velocity  is  not  uniform,  being  greater  as 
the  end  of  the  tube  is  approached.  A  constant  air  current  is  main- 
tained instead  of  the  intermittent  flow  of  .some  of  the  small  systems 

where  carriers  are  dispatched  only  occasionally. 
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Efficiency.  This  continuous  air  current  is  compared  by  Mr.  Batchel- 
ler — very  aptly — to  a  rapidly  flowing  stream  of  water  and  the  carriers 
to  boats  borne  on  the  surface  of  the  stream,  the  velocity  of  which  is 
but  slightly  influenced  by  them,  so  that — except  for  a  slight  drag — they 
move  almost  as  rapidly  as  the  water  which  carries  them.  Similarly 
with  the  air  current  in  a  horizontal  tube — except  for  a  slight  friction 
against  the  sides — the  carrier's  velocity  is  that  of  the  air.  The  power 
is  really  expended  in  keeping  the  air  current  in  motion,  and  the  pres- 
ence of  carriers  is  of  little  moment.  The  efficiency  of  such  a  system 
is  therefore  seen  to  be  very  low  if  power  alone  is  considered  ;  and  it 
may  be  .said  in  passing  that  this  factor  restricts  its  use  to  certain  definite 
quick  dispatch  functions. 

As  a  matter  of  fact  the  difference  in  pressure  between  an  empty  and 
a  full  line  on  the  long  New  York  circuit  was  from  2  to  6  pounds  with 
the  pressure  iiYi  pounds  for  the  tube  without  carriers.  The  larger 
difference  was  rarely  reached,  only  at  extraordinarily  dry  conditions 
of  the  tube  interior.  Usually,  the  presence  of  each  carrier  makes  a 
difference  of  less  than  two  ounces  in  the  pressure.  The  compressors 
are  kept  at  a  constant  speed  to  give  a  fixed  volume  of  air,  and  the 
pressure  fluctuates  with  the  loading  of  the  line.  With  the  fixed  air 
supply,  the  velocity  of  the  current  at  the  open  end  of  the  tube  remains 
the  same.  At  the  first  part  of  its  course,  however,  the  speed  is  slower 
when  the  tube  is  heavily  loaded,  and  between  a  full  and  an  empty  line 
the  difference  in  average  speed  is  about  10%. 

Compressors.  On  small  tubes  and  with  low  pressures,  blowers  may 
be  used  to  furnish  the  air  current.  On  the  large  mail  lines,  with  pres- 
sures ranging  from  5  to  15  lbs.  (varying  with  the  length  of  line)  to 
give  a  speed  of  30  miles  per  hour,  power  is  furnished  by  air  com- 
pressors. These  act  practically  as  blowers,  keeping  a  constant  supply 
pumped  into  one  end  of  the  line  and  allowing  it  to  flow  off  at  the  other. 

Three  kinds  of  air  compressors  are  used  on  the  New  York  system. 
The  Rand,  the  Ingersoll-Sergeant,  and  the  compresscr  made  by  the 
Philadelphia  Engineering  Works.  These  are  all  of  the  duplex  type, 
compressing  to  low  pressures  under  slow  speed.  They  are  direct  con- 
nected to  Corliss  engines,  having  non-condensing  cylinders.  In  the 
case  of  the  Rand  compressors  at  the  Brooklyn  Post  Office,  a  speed  of 
73  revolutions  per  minute  gives  six  pounds  pressure  and  an  indicated 
H.  P.  of  46.8.  The  theoretical  delivery  at  this  speed  is  i,500cubic  feet 
of  free  air  per  minute, — the  actual  delivery  being  about  1,400  cubic 
feet.  The  stroke  of  this  compressor  is  20  .inches  ;  the  diameter  of 
its  air  cylinders  is  24  inches,  and  that  of  the  two  steam  cylinders, 
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12  inches.  The  air  cylinders  have  Corliss  inlet  and  special  poppet  out- 
let valves  with  springs  so  light  that  little  pressure  is  required  to  open 
them.  The  air  valves  of  all  three  types  of  compressor  make  con- 
siderable noise  and  clattering,  but  the  Rand  is  probably  the  quietest. 

On  the  complete  system  are  two  compressors  at  the  Brooklyn  Post 
Office,  four  at  the  New  York  Post  Office,  three  at  "  Madison  Square" 
station,  and  two  at  the  power  house  on  Depew  place.  (See  Fig.  9). 
The  Company  makes  its  own  steam  at  the  last  named  plant,  but  at  all 
the  others  the  supply  is  obtained  from  outside  sources. 

The  Course  of  the  Current.  In  an  ordinary  circuit  with  a  compressor 
at  either  end,  air  flows  from  one  station  through  overhead  piping  in 
the  building,  passing  the  transmitter  on  its  way,  and  thence  out  into 
the  underground  tube.  At  the  other  end  of  the  line,  it  is  deflected  at 
the  open  receiver,  passing  down  into  the  engine-room  of  the  station 
and  into  a  large  iron  tank  open  to  the  atmosphere.  There  is  a  tank  at 
each  station,  and  the  compressors  pump  from  them  so  that  the  same 
air  is  used  over  and  over  again  except  for  the  fresh  supply  at  the  open 
valves  of  the  tanks  to  compensate  for  losses.  These  losses  are  those 
of  leaky  joints  in  or  out  of  the  building,  and  those  at  the  terminal 
machines,  and  constitute  in  New  York  about  10%  of  the  air  current. 
The  tanks  act  also  as  separators  for  the  reception  of  oil,  dirt  and 
moisture  from  the  line. 

The  current  must  be  continuous,  and  only  carelessness  on  the  part 
of  the  engineman  will  account  for  the  dropping  of  pressure  and  a 
consequent  catching  up  of  carriers  in  the  tube  so  that  a  block  may 
occur. 

Oil  Leaks.  These  have  been  a  somewhat  interesting  incident  of  the 
New  York  power  plants,  occurring  in  the  air  piping  between  the  com- 
pressor and  the  transmitter  in  the  same  building.  It  was  found  that 
the  air  under  pressure  and  containing  minute  particles  of  oil  carried 
over  from  the  compressor,  renders  the  securing  of  tight  joints  ex- 
tremely difficult.  Before  this  fact  was  first  brought  to  attention  by 
the  persistent  though  slow  drip  of  oil  in  the  early  engine  rooms  from 
the  joints  overhead,  only  ordinary  care  was  observed  in  making  up 
with  red  lead  the  screwed  joints  of  the  wrought  iron  air  pipes  leading 
from  the  compressor.  To  stop  these  leaks,  a  number  of  patent  joints 
were  tried,  as  well  as  rusting  the  joint  and  the  ordinary  methods  used 
in  such  cases,  but  all  without  much  effect.  Now,  when  the  joints  are 
made,  they  are  screwed  up  as  hard  as  possible  with  shellac,  and  while 
this  is  not  entirely  effective,  it  is  practically  so.  The  high  temperature 
of  the  air  as  it  leaves  the  compressor,  and  the  fact  that  the  oil  is  vapor- 
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ized  and  under  pressure  is  the  reason  for  the  above  experience,  which 
is  to  some  extent  a  novel  one.  An  experiment  was  also  tried  in  the 
use  of  spiral  riveted  pipe  instead  of  the  ordinary  wrought  iron,  but  de- 
spite the  maker's  guarantee,  it  was  found  to  leak  oil. 

Various  kinds  of  gaskets  were  tried  for  the  flange  joints,  including 
the  ordinary  soft  packing  and  a  metal  combination.  Jenkins'  '96  has 
been  found  the  best  in  the  resisting  of  the  heat  and  oil.  For  the  en- 
gines full  metallic  packing  has  been  adopted. 

Tevipcrahirc  Conditioyis.  Because  of  tl\e  low  pressures  used,  the  air 
cylinders  and  piping  are  not  jacketed,  and  the  air  consequently  is 
heated  higher  than  the  theoretical  temperature  of  compression.  On 
the  Brooklyn  line,  with  six  pounds  pre.ssure,  this  temperature  is  found 
to  be  150°  at  the  compressor,  and,  350  ft.  away  (150  ft.  of  which  is 
underground),  it  is  110°  to  115°.  From  this  point  the  temperature 
falls  rapidly  until  it  becomes  that  of  the  ground.  This  drop  in  tem- 
perature means  a  deposit  of  the  moisture  contained  by  the  air,  which 
is  considerable  on  a  day  when  the  humidity  is  high.  The  condensa- 
tion here  described  is  a  serious  problem,  and  its  bearing  on  the  trans- 
portation of  mail  will  be  seen  further  on. 

OPKKATING  EXPERIENCE. 

So  far  as  ordinary  operation  is  concerned,  the  problems  are  those  of 
any  sy.stem  of  transportation.  But  in  the  early  days  of  the  New  York 
lines,  there  existed  special  conditions  arising  from  the  total  lack  of 
precedent,  and,  in  the  nature  of  the  system  itself,  there  will  always  be 
the  peculiar  features  of  inaccessible  transit  from  dispatcher  to  receiver, 
and  the  handling,  under  high  velocities  and  out  of  sight  and  control, 
of  so  important  a  commodity  as  mail  matter. 

Care  171  Handling  Mail.  The  precautions  necessary  in  the  preser- 
vation and  constant  expedition  of  the  mail  have  built  up  a  force  of 
operators  trained  in  the  .special  knowledge  required.  They  are,  to 
some  extent,  factors  in  the  post  office  system — a  transportation 
problem,  by  the  way,  the  size  and  importance  of  which  is  appreciated 
by  few  outsiders; — and,  in  the  more  mechanical  side  of  their  w^ork, 
must  be  able  to  make  ordinary  repairs  of  the  apparatus  in  their  charge, 
and  to  handle  minor  accidents  and  emergencies  pending  the  arrival  of 
one  of  the  mechanics  of.  the  Company.  Their  care  and  alertness  is 
constantly  called  for  in  the  locking  and  inspection  of  each  carrier  be- 
fore it  goes  into  the  tube,  for  a  carrier  opened  in  transit  almost  surely 
means  the  practical  destruction  of  its  contents,  and  a  complete  shut- 
down of  the  line  for  some  hours.    Early  in  the  Company's  history, 


Pneumatic  Transmission  i?i  Ujiderground  Tubes. 


85 


and  with  green  men,  some  such  instances  did  occur — most  of  them 
during  the  operation  of  the  tubes  by  employees  of  the  Post  Office — but 
there  have  been  none  within  the  past  18  months.  Of  course,  the  lock- 
ing of  the  carrier  should  be  made  automatic  as  is  the  rest  of  the  system, 
and  the  new  design  of  carrier  now  being  developed  will,  it  is  hoped, 
furnish  a  practical  means  of  preventing  its  entrance  into  the  trans- 
mitter unless  locked. 

Blockades.  The  system  is  comparable  to  a  cable  railway  in  its  oc- 
casional shut-downs.  Rarely  these  may  be  laid  to  an  employee's  in- 
competency, to  his  losing  his  head,  or  to  a  lax  inspection  by  him  of 
the  carriers  and  apparatus  under  his  control.  With  the  present  opera- 
tors they  are  nearly  always  caused  by  breakage  or  failure  to  act  of  the 
terminal  machinery,  and  by  the  introduction  of  foreign  matter,  prin- 
cipally loose  carrier  parts,  into  the  tubes.  Blockades  have  become 
more  and  more  infrequent  with  the  improvement  in  machinery  and 
carriers,  but,  in  the  nature  of  the  system,  some  must  always  be  an- 
ticipated and,  when  they  exist,  must  be  handled  with  the  same  degree 
of  preparedness  and  urgency  as  those  of  street  railway  transportation. 

Majuier  of  Clearing.  With  the  blockade  once  established,  pressure 
is  reversed  and  run  up  as  high  as  can  be  obtained, — a  trifle  over  30  lbs. 
on  the  long  line.  In  ordinary  operation,  the  Grand  Central  circuit 
had,  at  times,  35  carriers  in  the  tube  between  terminals  ;  in  the  event 
of  a  block  this  number  has  been  increased  to  50  or  even  more,  making 
the  task  of  starting  them  a  difficult  one.  Usualh-  the  blocked  train 
would  release  suddenly  and  come  back  to  the  originating  station  with 
tremendous  force,  from  which  the  apparatus  and  employees  had  to  be 
protected. 

Location  by  Sound.  In  case  a  blockade  could  not  be  moved  under 
pressure  it  would  have  to  be  located  and  the  tube  opened, — something 
happily,  that  has  never  occurred  in  the  regular  operation  of  the  New 
York  circuits.  Where  a  line  is  equipped  with  gage  pipes,  300  ft. 
apart,  say,  difference  in  pressure  will  locate  the  carrier  between  two 
of  these,  and  the  plan  of  the  tubes  will  usually  show  a  bend  or  likely 
weakness  that  may  point  to  the  exact  position. 

In  the  construction  of  the  Philadelphia  six  inch  circuit,  no  gage 
pipes  were  used,  and  a  case  occurred  where  an  obstruction  had  to  be 
located  in  order  to  excavate.  For  this,  Mr.  Batcheller  made  use  of 
sound  waves,  employing  a  rough  chronograph  f  shown  in  Fig.  10), 
modelled  after  tlie  device  of  a  French  investigator  for  use  on  the 
small  tube  lines.  A  pulley  served  as  the  drum,  its  surface  being 
smoked  to  record  the  time  measures  of  a  pendulum  and,  for  further 
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divisions  of  a  second,  a  tuning  fork.  Firing  a  pistol  into  the  closed 
tube,  generated  sound  waves  which  were  deflected  from  the  obstruction 
and  returned  to  the  chronograph.  This  recorded  the  interval,  to  a 
thousandth  of  a  second,  between  the  firing  and  the  echo  ;  and  the 
velocity  of  sound  at  the  temperature  of  the  ground,  gave  the  distance 
to  the  obstruction.  The  average  of  five  tests  fixed  the  location  within 
ten  feet.  Mr.  Batcheller  has  since  improved  upon  this  rough  apparatus 
and  now  has  a  simple  and  effective  means  of  locating  bad  obstructions. 

Troubles  From  Water.  The  extent  of  the  deposit  from  moisture  of 
condensation  was  not  anticipated  by  the  inventor,  and  after  the  wetting 
of  mail  began  in  the  early  days  of  operation,  everything  possible  was 
done  in  the  way  of  temporary  relief,  pending  the  design  and  manu- 
facture of  tight  carriers.  In  addition,  various  methods  of  ab.stracting 
the  moi.sture  from  the  air  before  .sending  it  into  the  tubes  were  in- 
vestigated, but  none  reasonably  inexpensive  were  found  ;  and  up  to 
the  time  of  cutting  the  long  circuit,  in  the  fall  of  1899,  reliance  had  to 
be  continued  in  making  the  carrier  as  waterproof  as  possible. 

With  such  a  carrier,  and  one  thoroughly  protected  against  rust  and 
deterioration,  a  moderate  amount  of  water  in  the  tubes  is  of  no  harm, 
and  furnishes  an  efficient  lubrication.  On  the  short  Produce  Exchange 
and  Brooklyn  circuits  little  water  is  observed,  and  a  fairly  tight  carrier 
is  all  that  is  necessary.  Since  the  conveiting  of  the  long  Grand  Cen- 
tral circnit  into  two  short  ones,  this  is  also  true  of  it. 

Co7iditio7is  on  Graiid  Central  Circuit.  Under  former  conditions, 
however,  con.siderable  trouble  was  experienced.  The  worst  wet  spells 
occur  in  winter  during  a  warm  wave  just  after  a  freeze,  and  in  summer 
on  a  hot  and  humid  day.  When  the  air  and  ground  are  of  about  the 
same  temperature —  for  weeks  in  the  fall — the  tubes  ma}^  be  .so  dry  as 
to  require  lubrication.  But  during  the  wet  seasons,  the  circuit  was 
.sometimes  drenched,  water  trickling  out  of  the  intermediate  machines 
and,  to  a  less  extent,  at  the  open  receiver,  while  the  carriers  looked  as 
if  they  had  been  dropped  into  puddles.  Carriers,  even  while  tight 
originally,  might  under  such  extreme  conditions,  betray  a  weakness 
obtained  in  the  hard  racking  at  the  various  machines,  and  permit  of 
the  entrance  of  a  minute  spray  of  water  under  pressure.  In  a  few 
cases  of  bad  defects  in  the  carrier  or  of  the  cracking  of  its  shell  under 
the  packing  ring,  a  considerable  amount  of  water  reached  the  interior 
of  the  carrier,  causing  severe  wetting  of  the  mail  matter  contained. 
In  no  instance,  however,  has  mail  been  so  damaged  that  it  cannot  be 
dispatched  to  its  destination  after  drying  out,  and  in  nearly  every  case 
of  the  so-called  wetting,  the  extent  of  the  manifestation  has  been  a 
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a  block  from  any  cause,  was  invariably  made  more  troublesome  and 
longer  in  duration  because  of  the  branches  and  their  switches. 

PRESENT  GRAND  CENTRAI.  CIRCUIT. 

Operation  of  Intermediates.  For  the  foregoing  reasons,  therefore, 
the  circuit  was  cut  in  two  at  "  Madison  Square"  station,  which  was 
made  a  terminal  for  both  short  circuits.  Of  these  the  longer  (the 
south  division)  is  only  two  miles  from  the  G.  P.  O.  to  "  Madison 
Square",  and  there  is  but  little  more  moisture  experienced  than  exists 
on  the  model  Brooklyn  circuit.  It  has  as  an  intermediate  station, 
branch  "D",  while  "F"  is  an  intermediate  on  the  north  half.  A 
short  circuit  with  but  one  intermediate  is  comparatively  simple  as  re- 
gards operation.  The  two  original  machines,  provided  with  some 
minor  improvements,  are  used  at  each  station,  but  only  one  at  a  time 
is  operated,  the  other  being  in  readiness  in  case  of  trouble.  At  station 
"  D  "  this  method  of  operation  is  greatly  facilitated  by  the  nearness  of 
the  switches,  which  are  just  in  front  of  the  building,  loo  feet  from  the 
machines.  This  permits  of  either  machine  being  instantly  thrown  in 
or  out  of  use  by  the  sound  of  tlie  carriers  passing.  At  station  "  F" 
the  switches  are  on  4tli  Avenue.  1,400  ft.  away,  and  the  passing  of 
carriers  is  given  by  an  electric  indicator  at  the  top  of  the  tube  ringing 
a  bell  in  the  station. 

Re-dispatching  Carriers  at  Madison  Square  Sta.  * '  Madison  Square  " 
station  is  equipped  with  a  power  plant  and,  for  each  short  line,  a  com- 
bination open  receiver  and  transmitter.  Carriers  in  either  direction 
come  out  at  the  station  and  are  there  re-transinitted.  This  is  done 
quickly  and  easily  by  having  the  receiver  of  one  terminal  connected 
with  the  transmitter  of  the  other,  and  by  the  use  of  a  vertical  trans- 
mitter leading  off  from  one  corner  of  each  receiver  pan.  Carriers  are 
thus  redispatched  without  lifting  them  from  the  pan  into  which  they 
roll  from  the  open  receiver.  The  open  receiver,  with  some  minor 
changes  in  the  method  of  opening  and  closing  the  sluice-gate,  is  similar 
to  the  one  in  use  on  the  rest  of  the  system. 

Vertical  Tra7is?nitter.  The  vertical  transmitter  is  from  designs  by 
the  Superintendent  of  Machinery  of  the  Company,  Mr.  B.  H.  Blood, 
M.E.,  Cornell,  '89.  It  is  a  short  vertical  section  of  tube  closed  at 
either  end  by  a  gate,  and  leading  off  from  the  bottom  to  the  street  line. 
With  the  upper  gate  open  and  the  transmitter  ready  for  sending,  a  car- 
rier is  dropped  into  the  sort  section,  a  lever  pushed  over  by  hand, 
closing  the  upper  gate  and  opening  the  lower  one,  and  thus  allowing 
the  carrier  to  drop  out  into  the  air  current.    As  it  goes,  it  trips  a  fin- 
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ger  which  reverses  the  positions  of  the  gates  and  takes  the  tube  press- 
ure off  the  short  section, — when  the  transmitter  is  again  ready  to  receive 
a  carrier. 

New  Design  of  Machine  for  hitermediate  Station.  The  present  in- 
termediate machines  at  "  D  "  and  "  F  "  are  working  well  in  the  man- 
ner described  in  a  previous  paragraph,  but  it  is  thought  that  they  can 
be  greatly  simplified  by  another  of  Mr.  Blood's  designs.  It  is  virtually 
an  open  receiver  with  an  air  lock  secured  by  using  the  two-gate  princi- 
ple of  the  vertical  transmitter.  A  carrier  can  thus  be  received  and  taken 
out  at  atmospheric  pressure,  while  the  air  current,  under  three  or  four 
pounds  pressure,  flows  on  through  a  by-pass  back  of  the  rear  gate. 
This  combination  will  give  all  the  results  of  a  closed  receiver  while  act- 
ing in  one-third  the  time. 

With  this  new  intermediate  machine  it  is  also  intended  to  do  away 
entirely  with  the  switches,  or  to  use  a  new  design  by  Mr.  Bacheller  of 
a  closed  switch  (sections  of  tube  thrown  in  and  out)  located  in  the 
basement  of  the  station  itself. 

I^AYING  TUBES  ON  THE  BROOKI^YN  BRIDGE. 

Expansion  foints.  The  bridge  portion  of  the  Brooklyn  circuit  was 
not  constructed  until  the  summer  of  1898.  The  work  was  done  under 
the  writer's  supervision,  with  Mr.  Bacheller  as  consulting  engineer,  and 
presents  some  original  features  which  may  be  of  interest  here.  The 
tubes  are  laid  exposed  on  each  interior  trackway,  and  the  expansion  in 
these  long  exposed  stretches  is,  of  course,  considerable.  The  move- 
ment of  the  bridge  itself  is  a  maximum  of  14  inches  at  the  centre,  and 
of  ten  inches  on  each  span.  This  is  taken  care  of,  as  well  as  the  differ- 
ence in  expansion  between  the  wrought  iron  of  the  bridge  and  the  cast 
iron  of  the  tubes,  by  three  expansion  joints  on  each  tube  line.  In  ad- 
dition there  is  an  expansion  joint  on  each  line  at  the  Franklin  St.  bridge 
of  the  New  York  approach ,  and  two  plain  up  and  down  slip  movements 
at  each  abutment  where  a  large  vertical  deflection  is  noted  as  the  heavy 
bridge  trains  pass. 

The  expansion  joint  consists  of  a  large  stuffing  box  in  which  a  brass 
tube  slides  back  and  forth.  The  six  on  the  bridge  structure  permit 
also  of  a  lateral  and  a  vertical  motion  by  the  use  of  a  ball  and  socket. 

Supporting  the  Tubes.  On  the  bridge  structure  the  tubes  are  strapped 
to  the  ties.  After  leaving  the  structure  they  are  anchored  solidl}^  at 
the  abutment,  and  also  at  the  end  of  the  approach  where  they  go  under 
the  walkway.  Between  these  anchors  the  tubes  are  supported  on  cra- 
dles provided  with  rollers,  which  allow  of  a  creeping  back  and  forth. 
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After  completion,  the  lines  were  tested  under  30  lbs.  pressure,  and 
their  maintenance  since  has  been  negligible.  Occasionally  a  slight  leak 
at  a  joint  will  be  noticed,  due  usually  to  the  vibratory  motion  of  the 
structure  caused  by  passing  trains,  but  these  are  easily  caulked  tight. 

Difficulties  of  Constructio7i .  The  work  was  performed  under  difficul- 
ties because  of  the  heavy  and  almost  constant  traffic.  In  the  middle  of 
the  day  some  caulking  could  be  done,  great  care  being  exercised  in 
giving  warning  of  approaching  trains.  The  third  rail  and  the  shoe  of 
passing  motor  cars  were  equally  sources  of  danger.  The  hauling  and 
placing  of  the  tubes,  and  most  of  the  jointing  was  performed  at  night 
from  11:30  p.  m.  to  3:30  a.  m.,  when  by  .special  arrangement  with  the 
bridge  authorities,  a  train  was  .shunted  back  and  forth  on  one  track, 
leaving  the  otlier  free  for  transporting  the  tubes  on  flat  cars  and  the 
concentration  of  work  on  them.  Despite  every  precaution,  two  regret- 
able  accidents  occurred — one  in  which  a  workman  was  killed,  and  in 
the  other  a  caulker  seriou.sly  injured. 

MAII,  MATTKR  HANDLED. 

Statistics  of  Operation.  In  amount  of  mail  transported,  the  Produce 
Exchange  is  the  least  important  of  the  three  circuits.  About  630  car- 
riers are  dispatched  in  each  direction  on  an  average  day,  903  being  the 
highest  record.  The  circuit  is  operated  continuously  from  5  a.  m.  to  9 
p.  m.  of  each  week  day.  The  possible  carrier  interval  is  ten  seconds, 
giving  5,760  carrier  trips  as  the  tubes'  capacity. 

On  the  Grand  Central  circuit  the  trips  average  a  trifle  over  2,000  per 
day,  or  only  50%  of  the  line's  capacity  under  the  15  .seconds  headway 
observed.    The  circuit  is  operated  from  4:00  a.  m.  to  9  p.  m. 

The  Brooklyn  line  transmits  about  1,000  carriers  in  each  direction 
daily  during  the  working  hours  from  4:00  a.  m.  to  11:00  p.  m.  The 
possible  carrier  interval  is  12  seconds,  or  a  capacity  of  5,700  carrier 
trips. 

Quajitities  Cared  for.  The  number  of  pieces  of  mail  matter  trans- 
mitted on  the  three  circuits  is  shown  by  the  following  record  of  one 
day's  work  :  on  the  Produce  Exchange  line,  98,599  letters  and  22,487 
pieces  of  papers,  merchandise,  and  circulars  ;  on  the  Grand  Central 
circuit  1,019,647  letters  and  91,722  pieces  of  the  lower  classes  ;  and  be- 
tween New  York  and  Brooklyn,  113,910  letters,  and  61,024  pieces  of 
other  kinds.  The  first  and  the  last  named  circuits  handle  practically  all 
of  the  letter  mail  originating  during  the  hours  of  their  operation  ;  the 
Grand  Central  line  in  the  same  time,  cares  for  85%  of  its  letter  mail, 
the  remaining  1 5  %  representing  pouched  mail  in  transit  through  the 
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city,  and  considerable  quantities  of  lower  class  matter.  The  proportion 
of  lower  class  matter  handled  by  all  the  circuits  combined  is  but  a 
small  proportion  of  the  total  bulk  of  that  matter  to  be  transported,  but 
the  only  excuse  at  all  for  caring  for  even  such  limited  amounts  is  the 
desire  to  utilize  the  idle  moments  of  the  tube  service. 

Supplementary  Dispatches.  One  of  the  important  developments  of 
the  pneumatic  tube  system  is  observed  in  the  late  (or  supplementary) 
dispatch  of  small  amounts  of  railway  letter  mail  posted  after  the  regu- 
lar time  of  closing  the  dispatch.  In  many  cases  letters  are  thus  ena- 
bled to  save  considerable  in  the  time  otherwise  required  to  reach  their 
destination.  What  some  of  these  savings  are  may  be  seen  from  the 
following  table  taken  from  post  office  reports  : 


STATEMENT  OF  TIME  GAINS  IN  SUPPLEMENTARY  DISPATCH  VIA  TUBE. 


• 

Time  of 
first  car- 

Time  of 
last  car- 
rier. 

Estiniatea 
number  of 
letters 

N^umuer 
of 

carriers. 

Closing  time. 

Time  gained  in  dispatch  of  mails 
from  New  York,  N.  Y. 

8.05 

8.09 

175 

2 

7.30  a.  m. 

4  hours  15  minutes. 

8.09 

8.09 

54 

I 

7  30  a.  m. 

3  hours  58  minutes  to  6  hours  56 

minutes. 

9.28 

9.28 

10 

I 

8.30  a.  m. 

2  hours  59  minutes. 

9.48 

9-50 

90 

2 

9.00  a.  m. 

2  hours  30  minutes. 

10.12 

10.12 

30 

I 

9,30  a.  m. 

2  hours  2  minutes. 

10.49 

10.49 

52 

10.00  a.  ra. 

I  hour  30  minutes. 

11.14 

11.14 

175 

10.30  a.  m. 

1  hour  2  minutes. 

11.15 

II. 15 

80 

10.30  a.  m. 

1  to  5  hours. 

12.22 

12.23 

700 

3 

11.30  a.  m. 

4  hours  to  7  hours  15  minutes. 

12.24 

12.25 

400 

2 

11.30  a.  m. 

I  hour  58  minutes  to  2  hours  58 

minutes. 

12.55 

12.55 

15 

I 

12.00  m. 

I  hour  52  minutes. 

1.20 

1.22 

277 

I 

12.30  p.  m. 

I  hour  to  2  hours. 

1.22 

1.23 

17 

I 

12.30  p.  m. 

I  hour  40  minutes. 

2.17 

2.17 

100 

1 

1.30  p.  m. 

1  hour  56  minutes. 

2.21 

2.23 

900 

3 

1.30  p.  m. 

1  hour. 

2.20 

2.20 

150 

I 

1.30  p.  m. 

2  hours. 

2.44 

2.44 

40 

I 

2.00  p.  m. 

1  hour  53  minutes  to  2  hours  8 

minutes. 

2.49 

2.49 

80 

I 

2.00  p.  m. 

15  minutes. 

2.52 

2.52 

50 

I 

2.00  p.  m. 

5  hours  29  minutes. 

3.20 

3.22 

600 

3 

2.30  p.  m. 

2  hours  24  minutes  to  6  hours  59 

minutes. 

3-23 

3- 25 

900 

4 

2.30  p.  m. 

2  hours  25  minutes  to  11  hours  50 

minutes. 

3-55 

3-55 

50 

I 

3.00  p.  m. 

32  minutes. 

4.15 

4.18 

700 

3 

3.30  p.  m. 

I  hour  to  3  hours  15  minutes. 

4-20 

4.20 

lOO 

I 

3.30  p.  m. 

I  hour  to    hours  59  minutes. 

4.22 

4.22 

100 

I 

3.30  p.  m. 

II  hours  58  minutes. 

5-10 

512 

700 

4 

4.30  p.  m. 

2  hours  15  minutes  to  3  hours. 

5.41 

5-45 

600 

4 

5.00  p.  m. 

2  hours  35  minutes. 

8.18 

8.28 

3,200 

14 

7.30  p.  m. 

6  hours  35  minutes  to  11  hours  45 

minutes. 

FUTURE  OF  PNEUMATIC  TRANSMISvSION. 

Present  Contracts.  The  amount  of  the  present  tube  contract  for 
Manhattan  is  $158,500  per  annum,  which  includes  a  labor  allowance  of 
$10,000,  In  the  Brooklyn  line  it  is  $20,200  per  annum,  also  including 
a  labor  allowance  of  $6,200.    Wagon  tran.sportation  for  Manhattan 
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costs  the  Post  Office  Department  $239,200  annually,  which  is  made  up 
of  $121,800  for  the  mail  messenger  service,  and  $117,400  for  the  mail 
station  portion.  This  latter  is  a  rate  of  20.14  cents  per  wagon  mile 
(1,733  niiles  daily), —  while  the  Manhattan  tube  service  co.sts  the  po.st 
office  3.17  cents  per  carrier  mile  (15,431  miles  daily). 

Wa^on  a7id  Tube,  Tliese  figures  are  not  intended  as  a  comparison, 
for  bulk  is  not  taken  into  account  by  them.  In  fact,  there  can  be  no 
comparison  between  wagon  and  tube  transportation  by  bulk,  as  the  for- 
mer will  always  be  much  the  cheaper.  It  is  in  speed,  seconded  by  con- 
tinuous and  unobstructed  transmission,  that  the  pneumatic  tube  advo- 
cates find  their  strongest  arguments. 

It  is  not  the  purpose  of  the  writer  to  discuss  in  this  paper  the  future 
of  the  tube  service  or  its  relative  economy  as  a  system  of  mail  transpor- 
tation for  cities.  He  believes,  however,  that  it  is  worse  than  useless  to- 
compare  it  with  the  entirely  differing  method  of  surface  handling  in 
bulk  and  at  separated  intervals.  The  latter  must  always  be  the  most 
economical  and  practically  efficient  means  of  caring  for  the  heavy  mail 
of  the  2d,  3d,  and  4th  classes  which  neither  demands  nor  receives  ex- 
pedition. The  low  power  efficiency  of  pneumatic  transmission  and  its 
consequent  high  cost,  restrict  its  uses  to  the  quick  and  continuous  for- 
warding of  first  class  mail,  telegrams,  messages,  special  delivery  letters^ 
and  possibly,  the  smaller  and  more  important  express  matter  and  par- 
cels, and  the  handling  in  limited  amounts,  of  special  city  newspaper 
deliveries. 

Future  Possibilities.  In  the  writer's  opinion  the  future  system  for  an 
entire  city  will  be  one  of  tubes  ranging  in  size  from  three  to  eight  in- 
ches— possibly  to  twelve  inches,  if  the  handling  of  certain  kinds  of 
merchandise  is  found  to  pay — and  reaching  to  all  parts  of  the  city  in 
conjunction  with  an  auxiliary  service  by  automobile  and  street  car  for 
the  lower  classes  of  mail  matter.  In  such  a  system  there  will  undoubt- 
edly be  more  small  than  large  tubes  ;  and  the  concentration  of  opera- 
tion and  of  power  wnll  permit  of  an  elastic  dispatch  in  varying  quanti- 
ties at  a  much  lower  cost  per  carrier  mile  than  the  Post  Office  Depart- 
ment is  now  paying. 

Long  and  Large  Lines  Impracticable.  The  pneumatic  tube  is  essen- 
tially a  system  of  urban  dispatch,  and  one  of  its  uses  is  to  take  up  and 
continue  the  transportation  of  letters  where  the  railway  leaves  it  off. 
It  is  absurd  to  speak  of  tube  lines  between  widely  separated  cities,  or 
to  mention  them  as  possible  competitors  of  the  steam  railway.  It  is 
equally  impracticable  to  talk  of  pneumatic  tubes  of  large  diameters. 
Such  are  commercially  impossible. 
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Conclusion.  It  has  not  been  possible  in  the  scope  of  this  paper  to  go 
into  the  relations  of  the  pneumatic  tube  to  the  mail  transportation 
problem  of  large  cities.  To  do  so  would  necessitate  a  discussion  at 
some  length  of  the  present  post  office  methods  (an  extensive  and  com- 
plex subject  in  itself)  and  the  changes  in  them  necessar}-  to  the  most 
efficient  use  of  a  complete  tube  system.  It  is  an  attractive  field,  how- 
ever ;  and,  to  young  engineers,  there  can  be  no  more  interesting  trans- 
portation problem  than  that  involved  in  the  handling  of  United  States 
mail,  both  on  the  railway,  in  the  city,  and  at  the  post  office  and  its 
branches. 

If  this  paper  is  already  too  long,  the  writer's  only  excuse  is  that  the 
subject  is  one  new  to  most  x\merican  engineers  ;  and  so  little  written 
knowledge  about  it  (and  that  in  widely  scattered  articles  and  transac- 
tions) exists,  that  methods  and  apparatus  are  equally  apt  to  be  unfa- 
miliar to  the  general  reader.  To  those  who  are  interested,  and  who 
wnsh  to  go  further  into  the  technical  side  of  the  system,  an  inspection 
of  the  practical  operation  is  advised.  Mr.  Blood  will  be  glad,  at  any 
time,  to  show  Cornell  men  over  the  New  York  lines  ;  in  Philadelphia, 
al.«io,  the  superintendent,  Mr.  Kenneth  Stuart,  is  a  Cornell  graduate. 

The  writer's  acknowledgments  are  due  to  the  officials  of  the  Tubular 
Dispatch  Co. ,  and  the  Bacheller  Pneumatic  Tube  Co.  for  their  courte- 
ous co-operation  in  the  preparation  of  this  article  and  for  permission  to 
use  the  plates  shown . 


ECONOMICS  OF  STREET  PAVING. 


(l^ECTURE  BEFORE  THE  COI^I^EGE  OF  CI VII.  ENGINEERING  OF  CORNEI.I,  UNI- 
VERSITY BY  S.  WHINERY,   APRII,  27,    I900.  ) 

The  importance  of  street  pavements  as  an  element  in  municipal  pub- 
lic work  and  municipal  finance  seems  to  be  not  fully  appreciated.  This 
branch  of  municipal  pul)lic  work  has  not  received  from  municipal  engi- 
neers and  city  officials  the  attention  and  study  that  its  importance  merits 
and  demands. 

Projects  for  sewerage  and  water  supply  systems  are  not  usually  un- 
dertaken without  the  most  careful  study  and  consideration.  Elaborate 
surveys  are  made,  the  character  and  capacity  of  the  work  fully  dis- 
cussed, the  present  and  future  needs  of  the  community  are  considered, 
and  the  financial  aspects  of  the  enterprise  are  carefully  weighed  and 
provided  for.  Not  infrequently  the  best  expert  counsel  is  consulted  in 
order  that  no  mistakes  be  made,  and  that  the  problems  presented  may  be 
solved  in  the  best  and  most  economical  manner.  Moreover,  the  gen- 
eral principles  underlying  these  subjects  have  been  worked  out  theo- 
retically and  verified  by  observation  and  experiment,  the  necessary  data 
having  been  carefully  collected  and  recorded.  It  is  not  so  in  the  de- 
partment of  street  paving.  This  work  is  often,  if  not  generally,  entered 
upon  by  municipalities  without  adequate  investigation  or  consideration. 
When  it  is  decided  that  a  street  is  to  be  paved,  the  question  of  the  kind 
of  pavement  to  be.  used  is  decided  by  consulting  the  preferences  of  the 
people  owning  property  or  living  along  the  street.  These  preferences 
are  usually  founded  on  sentiment  or  preconceived  notions,  without 
much  reference  to  the  scientific  or  economic  principles  involved.  Too 
often  the  question  of  first  cost,  regardless  of  real  economy,  is  allowed  to 
out-weigh  all  other  considerations.  The  unsatisfactory  results  can  be 
seen  in  many  streets  in  nearly  every  city. 

It  cannot  be  claimed  that  this  condition  of  affairs  is  the  result  of  the 
relative  unimportance  of  street  paving  as  a  branch  of  municipal  improve- 
ment. Whether  measured  by  their  influence  on  commercial  prosperity 
or  by  the  amount  of  money  invested  in  them,  street  pavements  belong 
in  the  first  rank  of  importance.  It  is  probably  because  of  the  failure  of 
the  public  to  appreciate  their  importance  that  the  statistics  of  street 
paving  are  meagre  and  incomplete.  Until  quite  recently  no  serious 
attempt  had  been  made  to  collect  and  publish  such  statistics  for  Ameri- 
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can  cities.  Something  in  this  way  was  attempted  in  the  Eleventh  Cen- 
sus (1890),  but  the  information  secured  was  very  incomplete  and  un- 
satisfactory. More  recently  the  Bureau  of  Labor  has,  by  direction  of 
Congress,  taken  up  the  collection  of  statistics  of  municipal  works,  and 
the  first  results  are  published  in  Bulletin  No.  24  of  the  bureau,  issued 
in  September,  1899.  In  this  report  are  given  some  statistics  of  street 
paving  in  American  cities  that  add  materially  to  our  knowledge  of  the 
subject.  The  examination  embraced  139  cities,  being  all  but  one  of  the 
cities  of  the  United  States  having  a  population  of  30,000  or  more.  The 
tabular  statements  give  the  number  of  square  yards  of  the  various  kinds 
of  pavement  in  each  city,  but  no  statistics  of  their  cost.  We  ma}^  arrive 
at  an  approximate  estimate  of  their  cost,  if  we  assume  for  the  purpose 
the  prevailing  average  prices  paid  for  such  work  during  the  past  ten 
years.  In  round  numbers  the  total  number  of  square  yards  of  each  of 
the  principal  kinds  of  pavement  and  their  approximate  cost  is  as  fol- 
lows : 


82,126,000  sq.  yds.  Macadam  road   at  75  cts.   %  61,594,000 

20,600,000  "  Cobblestone  pavement  at  80  cts.    16,480,000 

34,785,000  "  '    Granite  block      "  at    I3.50   121,747,500 

29,238,000  "  Wooden  block    "  at     1.25    36,547,500 

18,868,000  "  Brick  block         "  at     2.25   42,453,000 

31,305,000  "  Asphalt  &  Asphalt  block  at     2.75   86,088,750 

102,029,000  "        All  other  kinds   at      i.oo   102,029,000 


318,951,000  Costing   $466,939,750 


It  will  thus  be  seen  that  these  pavements  have  cost  over  $450,000,000, 
and  it  must  be  remembered  that  this  first  cost  of  construction  does  not 
represent  their  full  actual  cost,  since  many  of  them  have  been  renewed 
one  or  more  times,  and  a  ver}^  large  sum  has  doubtless  been  expended 
upon  their  repair. 

The  population  of  these  139  cities  is  given  in  the  same  Bulletin  as 
about  20,000  000.  The  first  cost  of  these  pavements  was  therefore 
nearly  $23  per  capita  on  the  present  population  of  these  cities. 

It  thus  appears  that  the  item  of  street  paving  is  of  such  actual  and 
relative  magnitude  in  municipal  improvement  as  to  deserve  the  most 
careful  attention  and  systematic  study. 

The  investigation  should  not  only  embrace  paving  materials  and  pave- 
ment construction,  to  which  branch  of  the  subject  most  attention  has 
been  heretofore  directed,  but  it  should  extend  to  the  commercial  and 
economic  value  of  street  pavements  in  general,  and  to  the  relative  value 
under  various  conditions  of  the  different  kinds  of  pavement  in  use. 
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It  is  to  this  branch  of  the  subject  which,  for  want  of  a  better  term, 

may  be  called  the  "Economics  of  Street  Paving"  that  I  invite  your 
attention  to-day.  In  attempting  to  make  an  economic  study  of  the  sub- 
ject, we  are  met  at  the  start  by  the  absence  of  much  of  the  data  neces- 
sary for  even  an  elementary  discussion.  A  part  of  this  data  must  be 
obtained  from  complete  statistics  in  detail  of  street  travel  and  a  part 
from  carefully  conducted  experiments  to  determine  the  various  coeffi- 
cients which  enter  nito  the  problem.  I  can  therefore  do  little  more 
than  to  indicate  the  line  of  investigation,  and  the  method  of  arriving  at 
results,  using,  where  necessary,  approximate  and  even  assumed  data. 
In  this  way  I  shall  endeavor  to  point  out  the  various  kinds  of  informa- 
tion necessary  for  sohnng  the  problems,  hoping  thus  to  direct  your 
attention  to  the  value  of  these  data,  and  the  necessity  for  collecting  and 
recording  them. 

In  attacking  any  problem  whose  solution  is  dependent  on  the  results 
of  observation  and  experiment,  it  is  desirable  to  determine  in  advance, 
as  far  as  possible,  the  extent  and  character  of  the  data  required,  so  that 
we  may  direct  our  efforts  to  obtaining  such  data  without  wasting  time 
on  unnecessary  or  unimportant  elements  or  details. 

Many  of  you  will  doubtless  find  your  professional  vocations  in  munic- 
ipal engineering.  It  is  a  field  offering  ample  scope  for  your  best  abili- 
ty, and  unusual  opportunities  for  accomplishing  good,  by  promoting 
the  health,  happiness  and  commercial  success  of  that  very  large  part  of 
the  population  of  this  country  who  live  in  municipalities.  If  I  shall 
succeed  in  calling  your  attention  to  the  importance  of  collecting,  in  your 
work,  the  data  necessary  for  an  intelligent  and  scientific  di.scussion  of 
the  economics  of  street  paving,  and  in  suggesting  some  lines  along 
which  the  investigation  may  be  profitably  pursued,  I  shall  have  accom- 
plished all  that  I  can  now  hope  to  do. 

When  any  public  improvement  involving  the  expenditure  of  large 
sums  of  money  is  proposed,  the  first  question  asked  by  the  average  citi- 
zen and  tax-payer  is,  "Will  it  pay?"  It  is  a  proper  and  pertinent 
question,  and  deserves  a  serious  and  business-like  answer.  It  is  the 
question  every  good  business  man  asks  about  any  commercial  or  indus- 
trial enterprise  in  which  his  interest  is  solicited.  And  while  it  is  true 
that  there  are  other  considerations  that  may  properly  be  taken  into  ac- 
count in  every  public  improvement,  the  crucial  test  that  nearly  every 
project  of  this  character  must  be  subjected  to,  is  that  of  profit  or  loss. 
If  it  can  be  shown  conclusively  that  a  street  pavement  will  materially 
benefit  the  community  at  large,  and  its  individual  members  as  well,  it 
will  commend  itself  to  business  men,  and  will  not  lack  encouragement 
and  support. 
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Is  it  possible  to  present  the  pavement  question  in  such  a  light  to  a 
fairly  intelligent  public  ?  And  in  order  to  do  so,  is  it  possible  for  the 
municipal  civil  engineer  to  reduce  the  paving  problem  to  something  like 
the  same  scientific  system  that  he  obtains  in  some  other  Uines  of  munic- 
ipal work  ?  I  believe  that  both  of  these  questions  may  be  answered  in 
the  afiirmative.  This  department  of  municipal  work  can  at  least  be 
placed  on  a  basis  where  random  opinion  and  dogmatic  statement  need 
not  be  mainly  relied  upon. 

The  city  street  has  its  prototype  in  the  country  road.  Its  function  is 
to  facilitate  intercourse  and  traffic  between  different  localities.  The 
volume  of  travel  and  traffic  will  determine  the  character  of  the  road\Vay 
that  may  be  profitably  provided.  In  the  country  districts  where  popu- 
lation is  scant  and  human  habitations  are  far  apart,  the  natural  surface 
of  the  soil,  cleared  of  trees  and  other  obstructions,  forms  a  roadway  as 
good  as  the  commercial  conditions  will  justify.  As  population  becomes 
denser,  and  intercourse  and  traffic  increase,  it  is  found  profitable  to 
reduce  the  obstructions  to  travel,  to  drain  the  roadway,  and  to  secure  a 
surface  more  unyielding  than  the  natural  soil. 

At  a  further  stage  of  development,  usually  in  villages  and  towns,  it 
is  found  profitable  to  reduce  the  gradients  and  to  supply  an  artificial 
road  surface  sufficiently  smooth  and  unyielding  to  offer  still  less  resist- 
ance to  the  hauling  of  loads  over  it,  and  thereby  reduce  the  cost  of 
traffic.  Thus  we  have  the  gradual  evolution  of  the  macadamized  road 
from  the  country  lane,  brought  about  by  the  effort  to  reduce  the  cost  of 
transportation  and  thereby  increase  the  profits  of  traffic.  Further  de- 
velopment and  application  of  this  principle  results  in  the  modern  street 
pavement  of  our  cities.  The  underlying  motive  from  beginning  to  end 
is  commercial  profit.  Economically,  the  building  of  a  costly  paved 
street  where  the  country  road  was  alone  justified  would  have  been  a 
business  blunder  ;  no  less  is  it  a  blunder  to  continue  the  use  of  unpaved 
streets  or  macadamized  roads  where  the  character  and  volume  of  the 
traffic  is  such  that  it  can  be  more  economically  conducted  over  street 
pavements  of  the  best  character. 

This  brings  us  to  the  first  important  principle  in  street  paving,  which 
is,  that  the  character  and  cost  of  the  pavement  must  primarily  be  de- 
termined by  the  character  and  volume  of  the  traffic  it  is  intended  to  ac- 
commodate. 

There  are  other  important  things  to  be  considered,  but  these  are  sec- 
ondary, and  the  weight  to  be  given  them  will  depend  on  the  importance 
we  may  attach  to  each.    They  do  not  affect  the  truth  of  the  general 
statement  that,  from  the  economic  point  of  view,  the  value  of  a  pave- 
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meiit  must  be  measured  by  the  return  it  will  yield  upon  the  money 
invested  in  it. 

This  being  accepted  we  may  proceed  to  inquire  into  the  cost  of  trans- 
portation over  street  pavements,  and  to  consider  the  relative  value  of 
the  several  kinds  of  pavement  in  common  use. 

The  elements  that  enter  into  the  problem  of  transportation  over  city 
streets  are  : 

First — The  cost  of  constructing  and  maintaining  the  pavement. 
Second — The  cost  of  power  for  conducting  transportation  over  paved 
streets. 

Third — The  cost  of  providing  and  maintaining  vehicles  used  for 
transportation. 

Fourth — The  volume  of  the  traffic  to  be  provided  for. 
Let  us  consider  these  in  the  order  stated. 

Fortunately,  we  have  sufficient  data  to  enable  us  to  determine  with 
reasonable  confidence  the  cost  of  constructing  each  of  the  kinds  of  pave- 
ment in  common  use.  We  have  also  sufficient  information  to  predict 
with  rough  approximation  to  the  truth  the  life  of  the  pavement  under 
given  conditions  of  use,  and  the  cost  of  maintainance  during  its  life. 
The  interest  charge  is  a  matter  of  computation,  and  we  can  estimate 
quite  closely  the  value  of  the  old  pavement  when  it  becomes  so  worn  as 
to  make  its  renewal  advisable. 

If  we  represent  by  — 

L.  =  The  life  of  the  pavement  in  years. 

C.  =  Its  first  cost. 

M.  =  Cost  of  maintainance  during  L.  years. 
/.   =  Rate  of  interest. 

//.  =  Value  of  the  old  pavement  at  time  renewal  becomes  necessary. 
X.  =  The  cost  of  the  pavement  per  year. 
We  shall  have 


In  this  equation  M  represents  the  total  cost  of  maintainance  during 
the  life  of  the  pavement.  Usually  the  greater  part  of  the  amount  will 
be  expended  during  the  latter  half  of  the  life  of  the  pavement,  since 
the  cost  of  repairs  usually  increases  with  the  age  of  the  pavement.  We 


X  = 


C+  CIL  +  M+\MIL-H 
L 


which  may  take  the  form 


X 


(I) 


L 
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tna}^  with  approximate  correctness  assume,  as  is  done  in  the  equation, 
that  the  whole  of  M  is  evenly  distributed  over  the  last  yz  of  the  life  of 
the  pavement,  and  the  interest  charge  will  therefore  be  equal  to  the 
interest  on  one  third  of  M  iox  the  whole  period. 

The  quantity  H  has  been  very  generally  overlooked  or  omitted  in 
similar  formulae,  but  it  is  an  element  of  great  importance  in  judging  of 
the  comparative  economy  of  the  several  kinds  of  pavement.  Thus,  if 
a  brick  pavement  is  laid  on  a  concrete  foundation  the  first  cost  of  the 
pavement  will  be  greater,  by  the  cost  of  the  concrete  foundation  and 
the  additional  quantity  of  excavation  required,  but  the  durability  of  the 
pavement  will  be  greatly  increased  and  when  the  brick  surface  is  worn 
out,  the  concrete  foundation  should  be  as  good  as  when  first  con- 
structed, and  a  new  brick  surface  could  be  substituted  at  a  compara- 
tively small  cost  ;  whereas  if  the  concrete  foundation  is  not  used,  not 
only  will  the  pavement  be  much  less  durable,  but  there  will  be  nothing 
available  from  the  old  pavement  toward  the  construction  of  the  new, 
except  the  excavation  of  the  foundation. 

An  inspection  of  the  formula  shows  that  the  life  of  a  pavement  is  the 
most  important  factor  in  determining  the  cost  per  year  of  its  construc- 
tion and  maintainance,  and  it  is  therefore  of  the  greatest  importance 
that  we  should  know  with  approximate  correctness  what  the  life  will  be 
under  the  conditions  to  which  it  will  be  subjected  : 

In  two  pavements  the  original  cost  of  which  is  the  same  and  the 
other  conditions  are  equal,  if  one  has  a  life  double  that  of  the  other,  the 
real  cost  of  the  one  will  obviously  be  double  that  of  the  other.  We  can 
compare  them  fairly  only  by  ascertaining  the  cost  of  each  for  a  unit  of 
time,  which  unit  may  most  conveniently  be  considered  the  year. 

It  is  pretty  well  established  that  the  life  of  a  pavement,  the  materials 
of  which  are  not  subject  to  natural  decay,  is  determined  largely  by  the 
quantity  of  travel  to  which  it  is  subjected,  modified  of  course,  by  the 
destructive  action  of  the  elements,  but  each  kind  of  pavement  has  a 
different  co-efiicient  of  resistance  to  wear  per  unit  of  travel.  These  co- 
efficients have  not  yet  been  satisfactorily  determined  though  there  is  a 
considerable  quantity  of  information  available  for  the  purpose.  When 
these  co-efficients  are  determined,  and  we  have  ascertained  the  tonnage 
of  travel  of  a  street  which  it  is  proposed  to  pave,  we  should  be  able  to 
predict  quite  closely  the  life  of  any  kind  of  pavement  it  is  proposed  to 
use,  and  can  then  apply  the  equation  given  (i)  to  determine  the  annual 
cost  of  construction  and  maintainance  ;  and  by  applying  the  same  pro- 
cess to  the  different  kinds  of  pavement  we  can  determine  which  will  be 
most  economical  to  use  from  the  standpoint  of  cost  of  construction  and 
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maintainance.  It  must  be  remembered,  however,  that  cost  of  construc- 
tion and  maintainance  is  only  one,  and  usually  a  very  unimportant  one 
of  the  elements  to  be  considered  in  determining  the  real  economy  of  a 
street  pavement. 

Each  of  the  quantities  ent^^ring  into  formula  (i)  will,  of  course,  vary 
more  or  less  in  each  individual  city,  with  the  cost  of  materials  and  labor, 
the  interest  rate,  etc.,  and  in  employing  this  or  any  similar  formula,  we 
must  be  careful  that  the  conditions  are  fairly  alike,  or  the  results  will 
not  be  comparable. 

Having  the  necessary  data  we  may  by  the  use  of  formula  (i)  prepare 
a  table  showing  the  relative  cost  per  year  of  the  several  varieties  of 
pavement  in  use  in  any  city  and  thus  determine  their  relative  value  on 
the  basis  alone  of  first  cost  and  maintainance.  Furthermore,  we  may 
by  taking  the  average  cost  of  construction  and  maintainance  of  pave- 
ments of  the  several  kinds  in  American  cities,  compare  these  pavements 
in  a  general  way  and  arrive  at  an  approximate  estimate  of  the  cost  of 
each  per  year  for  construction  and  maintainance. 

Such  a  table  is  here  given  : 

TABLE  A. 


Showing  Cost  of  Construction  and  Maintainafice  of  Pavements  of  several  kinds 
on  street  having  a  travel  of  loo  tons  per  sq.  yd.  per  day— Rate  of  interest  6%. 


Granite  Block  ' 
on  Concrete. 

Granite  Block 
on  Sand.  ^ 

Sheet  Asphalt. 

Brick  on 

Concrete.  ^ 

Brick  on  Sand. 

Cedar  Block 
on  Concrete. 

Cedar  Block 
on  Sand. 

Cobblestone. 

Macadam. 

First  cost  _  _  C. 

Maintainance  M. 

Interest             _  _ 

$3.75 
.40 
4.66 

^3.20 
.60 
3.06 

$2.40 

•50 
2.31 

I2.15 

.45 

1.66 

%  1.50 
.4S 

.80 

%  1.80 
.36 

.69 

%  1. 15 
•30 
•31 

%  1. 00 
.48 
.54 

%  1.20 
i.oo 
.46 

Total  cost_    .  _ 

Value  of  old  pave- 
ment      _  H. 

8.81 
.76 

6.86 
.18 

5-21 

.72 

4.26 
.78 

2.78 
.14 

2.85 
.48 

1.76 
.12 

2.02 
.10 

2.66 
.10 

Total  net  cost  _    _  _ 
Ivife  of  pavement. Iv. 
Cost  per  year  X. 

8.05 
20 
0.402 

6.68 
15 
0.445 

4.46 

15 
0. 297 

3.48 
12 
0.290 

2.64 

8 

0.330 

2.07 

6 

0.345 

1.64 

4 

0.410 

1.92 

8 

0.240 

2.56 
5 

0.512 
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The  data  assumed  in  computing  this  table  may  be  regarded  as  fair 
averages  for  pavements  located  in  cities  in  the  Mississippi  Valley,  on 
streets  having  a  traffic  of  about  lOO  tons  of  travel  per  square  yard  per 
day. 

The  tonnage  of  travel,  (loo  tons  per  sq.  yard  per  day),  assumed  in 
this  table  corresponds  to  that  on  a  rather  heavy  travelled  residence 
street,  or  a  business  street  of  medium  travel,  in  cities  of  100,000  to 
200,000  population,  and  the  result  might  be  entirely  different  for  a 
street  having  a  larger  or  a  smaller  volume  of  travel.  Thus  on  a  street 
having  a  travel  of  only  twenty  tons  per  sq.  yard  per  day  a  first 
class  McAdam  road,  if  kept  in  proper  repair,  would  probably  have  a 
life  of  fifteen  3- ears,  and  the  cost  per  sq.  yd.  per  year  would  be  very 
materially  reduced. 

It  is  approximately  true  that,  excluding  the  action  of  the  elements, 
the  life  of  a  pavement  is  nearly  in  inverse  ratio  to  the  tonnage  of  travel 
over  it. 

Some  pavements,  notably  those  of  wood,  are  subject  to  natural  decay 
and  their  life  is  necessarily  limited  independent  of  the  amount  of  travel 
to  which  they  are  subjected.  Thus  an  ordinary  cedar  block  pavement 
will  be  destroyed  by  the  decay  of  the  wood,  regardless  of  the  quantity 
of  travel  over  it,  in  from  seven  to  twelve  years.  The  elements,  especi- 
ally those  of  water  and  frost  have  a  disintegrating  action  on  nearly  all 
pavements  and  in  time  will  destroy  them.  This  fact  must  be  considered 
in  predicting  the  useful  life  of  any  pavement. 

Such  a  tabular  statement  of  the  estimated  cost  per  annum  of  con- 
structing and  maintaining  the  several  kinds  of  pavement  proposed  for 
any  street  may  be  prepared,  using  the  prevailing  prices  and  the  best 
available  information  as  to  the  probable  life  of  the  different  pavements 
under  the  volume  of  travel,  as  well  as  other  conditions  to  which  they 
will  be  subjected,  and  it  will  be  found  especially  useful  in  combating 
the  prevalent  idea  that  first  cost  of  the  pavement  is  an  important  con- 
sideration. Thus  the  table  here  given  shows  very  clearly  that,  for  a 
street  having  similar  conditions  the  pavements  of  low  first  cost  are  in 
the  end  the  most  expensive,  even  if  cost  of  construction  and  maintain- 
ance  only  are  considered. 

POWER  REQUIRED  TO  CONDUCT  TRANSPORTATION. 

Experiments  have  been  made  to  determine  the  tractive  power  neces- 
sary to  move  given  loads  over  different  kinds  of  roadway  surface.  It 
is  generally  accepted  that  the  power  in  lbs.  required  to  move  a  load  of 
1000  lbs.  over  the  different  road  surfaces  in  common  use  is  about  as 
follows  : 
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Over  Ordinary  earth  road   112 

Hard  clay  road   56 

Good  cobblestone  pavement   50 

Good  Macadam  pavement   32 

Good  granite  block  pavement   22 

Good  brick  pavement   14 

Asphalt  pavement   10 


It  should  be  explained,  however,  that  no  experiments  have  been 
made,  so  far  as  I  know,  to  determine  the  resistance  to  traction  of  brick 
pavement,  but  there  is  good  reason  to  believe  that  it  occupies  a  place 
about  midway  between  granite  block  and  asphalt,  and  the  figure  given 
above  is  based  upon  this  assumption. 

It  is  customary  to  assume  in  treating  of  the  economy  of  improved 
pavements,  that  the  total  saving  of  tractive  power  is  in  inverse  ratio  to 
the  resistance  to  traction  of  the  several  road  surfaces.  This  is  true 
only  where  the  loads  hauled  are  all  full  loads,  limited  by  the  maximum 
tractive  power  of  the  horses  employed.  If  we  disregard  the  wear  and 
tear  of  vehicles  and  the  difference  in  the  expenditure  of  muscular  ener- 
gy of  horses  employed  in  hauling  partial  loads,  it  is  evident  that  it  will 
cost  no  more  to  haul  a  half  load  over  granite  pavement  than  over  asphalt 
pavement. 

We  have  no  statistics  to  show  what  part  of  the  travel  over  streets  con- 
sists of  full  loads.  In  the  censuses  of  street  travel  that  have  been  taken, 
vehicles  have  been  classed  with  reference  to  the  weight  of  vehicle  and 
load,  and  the  full  loads  are  not  usually  separated  from  the  partial  loads. 
A  study  of  such  information  as  we  have  indicates  that  it  is  probably 
fair  to  assume  that  not  more  than  one  in  twelve  of  the  vehicles  passing 
over  the  streets  of  a  city  are  full  loads.  Since,  however,  the  wear  and 
tear  of  vehicles  and  tlie  tax  upon  the  endurance  of  horses  must  be  con- 
sidered, we  will  probably  be  not  far  wrong  if  we  assume  that  one-tenth  of 
the  vehicles  passing  over  a  street  represent  full  loads.  The  travel  car- 
ried by  a  street  is  usually  estimated  in  tons  of  load  per  day  passing  a 
given  point,  and  this  is  generally  reduced  to  tons  per  day  per  foot  of 
width  of  street,  or  to  tons  per  day  per  square  yard  of  pavement  ;  in  the 
latter  case  the  square  yards  are  computed  by  dividing  the  width  of 
street  in  feet  by  three. 

It  is  generally  accepted  that  the  tractive  power  exerted  by  one  horse, 
moving  at  the  rate  of  two  miles  per  hour,  is  about  125  pounds. 

The  power  expended  in  drawing  a  loaded  vehicle  over  a  street  sur- 
face may  be  separated  into  two  parts  :  that  required  to  overcome  the 
axle  friction,  and  the  friction  between  the  wheel  and  the  street  surface, 
and  that  expended  in  overcoming  the  resistance  due  to  inequalities  in  the 
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street  surface.  From  the  meagre  information  we  have  on  the  subject, 
it  appears  that  the  first  is  a  very  small  quantity  amounting  to  not  more 
than  ten  pounds  per  ton  of  load,  or  five  pounds  per  1000  lbs.  of  load. 
This  may  be  considered  a  constant  quantity  independent  of  the  charac- 
ter of  the  street  surface.  In  exact  computations  it  should  be  deducted 
from  the  total  tractive  resistance,  in  comparing  one  pavement  with  an- 
other, but  in  the  present  state  of  our  knowledge  and  its  small  relative 
importance  it  may  be  neglected  in  approximate  computations. 

Taking  the  tractive  resistance  of  the  several  kinds  of  pavement  as 
given  above,  and  calling  the  tractive  power  of  a  horse  125  pounds,  a 
horse  should  draw  over  the  various  kinds  of  street  surface  the  following 


loads : 

Over  Ordinary  earth  roads   0.56  tons. 

Cobblestone  pavement   1.25 

Macadam  pavement   2.00  *' 

Granite  block  pavement   2.84  " 

Brick  pavement    4.46  " 

Asphalt  pavement   6.2  *' 


Assuming  the  cost  of  a  good  two-horse  team  to  be  $3.00  per  day,  or 
one  dollar  and  fifty  cents  per  horse  per  day,  and  the  distance  a  load 
may  be  carried  as  twenty  miles  per  day,  we  may  compute  the  cost  per 
ton-mile  on  each  of  these  pavements,  which  will  be  found  to  be  as  fol- 


lows : 

On  Ordinary  earth  roads   26.8  cts. 

Cobblestone  pavement   12.6  " 

Macadam  pavement   7.5  " 

Granite  block  pavement   5.3  " 

Brick  pavement   3.4  *' 

Asphalt  pavement   2.4  " 


As  the  distance  traveled  in  passing  over  one  square  yard  of  pavement 
is  three  feet,  the  cost  of  hauling  loads  over  one  square  yard  of  the  sev- 
eral pavements  named  will  be  the  ton-mile  cost  given  above  multiplied 
by  three  and  divided  by  5280,  the  number  of  feet  in  a  mile.    This  we 


find  to  be  as  follows  : 

Over  Ordinary  earth  roads   .01522  cts. 

Cobblestone  pavement   .00682  " 

Macadam  pavement   .00426  *' 

Granite  block  pavement   .00301  " 

Brick  pavement   .00193  " 

Asphalt  pavement   ,00136 


Having  now  the  ton-mile  cost  per  square  yard  of  transportation  over 
the  different  kinds  of  pavement,  and  the  total  tonnage  per  square  yard 
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over  any  street,  we  may  form  an  equation  which  will  represent  the  cost 
per  square  yard  per  year  that  can  profitably  be  invested  in  a  pavement 
in  order  that  the  business  may  be  done  most  economically. 

If  T  =  Total  tonnage  per  square  yard  per  year. 
T 

—  =  Full  load  tonnage  per  square  yard  per  year. 

lO 

f  =  Cost  per  ton-mile  per  square  yard. 

X  =  Cost  of  pavement  per  square  yard  per  year. 

Then  X^^-f.  (2) 
10 

But  in  the  formula  for  the  cost  of  conducting  and  maintaining  the  pave- 
ment per  square  yard  per  year,  we  found  that  : 



Hence  we  have  : 

C+^+/4c+-j_^^^  (3) 
L 

If  we  reduce  and  simplify  this  formula  and  substitute  for  L  and  T 
their  probable  value  for  any  street  that  is  to  be  paved,  and  the  value  of 
yfor  each  variety  of  pavement,  we  can  determine  the  kind  of  pavement 
most  economical  to  use.  In  the  present  state  of  our  information  we 
have  not  of  course  the  data  to  enable  us  to  use  such  a  formula,  but  I 
present  it  for  the  purpose  of  showing  that  it  should  be,  and  sometime 
will  be,  possible  to  deal  with  such  problems  in  a  scientific  manner  and 
thus  reach  conclusions  that  will  be  something  more  than  mere  guess 
work. 

In  dealing  with  the  cost  of  transportation  over  streets  the  matter  of 
street  gradients  must  not  be  overlooked.  This  part  of  the  subject  is 
fully  treated  in  the  text-books  and  I  need  not  go  into  it  here  further 
than  to  say  that  when  the  gradient  is  considerable  it  becomes  a  more 
important  element  in  the  cost  of  transportation  than  the  co-efl&cient  of 
tractive  resistance  ;  and  as  in  railroad  track,  the  wear  of  the  pavement 
is  greater,  and  its  durability  correspondingly  less. 

That  the  tractive  resistance  of  pavements  is  a  matter  of  much  greater 
importance  than  the  public  appreciates  may  be  shown  by  an  example. 

I  will  later  give  the  volume  of  travel  on  a  number  of  representative 
city  streets.    That  given  as  an  example  of  a  heavy  travelled  business 


Economics  of  Street  Paving. 


105 


street  carries  a  total  vehicular  tonnage  per  square  yard  per  day  of  243. 
tons.  Counting  300  working  days  to  the  year  the  travel  per  square 
yard  per  year  is  72,900  tons,  one-tenth  of  which,  7,290  tons,  we  may 
consider  full  loads.  The  ton-mile  cost  per  square  yard  of  hauling  over 
granite  block  pavement  we  have  found  to  be  .00301  cent,  and  that  for 
brick  to  be  .00193  cent,  the  difference  in  favor  of  brick  is  .00108  cent. 
Multiplying  7,290  tons  by  this  difference  we  have  8.9  cent,  which  is 
the  saving  in  cost  of  hauling,  per  square  yard  per  year,  in  favor  of  brick 
pavement  as  against  granite  block  pavement. 

In  the  case  of  an  asphalt  pavement  we  shall  find  that  the  saving,  fig- 
ured in  the  same  manner,  amounts  to  12  cents  per  square  yard  per  year, 
equivalent  to  a  sum  of  about  $3,000  per  year  on  a  street  one  mile  long. 
This  is,  however,  only  a  part  of  the  saving  due  to  smoother  pavements^ 
since  there  are  other  important  elements  of  economy  to  be  considered, 
one  of  which  we  shall  next  take  up. 

WEAR  AND  TEAR  ON  VEHICI.ES. 

We  have  no  satisfactory  information  as  to  the  relative  life  of  vehicles 
on  the  different  kinds  of  paved  roadway,  since  no  adequate  examina- 
tion has  been  made  into  the  subject  experimentally. 

A  loaded  truly  circular  wheel  rolling  over  a  perfect  plane  would  be 
subjected  to  no  wear  except  that  due  to  axle  friction  and  the  friction 
between  the  wheel  and  the  pavement.  As  the  surface  of  a  street  de- 
parts from  a  true  plane  there  will  be  more  or  less  jolting  or  concussion 
which  will  increase  as  the  unevenness  of  the  street  surface  increases. 
When  a  wheel  rolls  over  a  very  rough  surface  rising  over  an  elevated 
point  and  dropping  to  a  lower  one,  the  action  is  similar  to  that  of  a 
weight  raised  to  an  equal  height  and  allowed  to  fall.  As  is  well  known, 
the  energy  developed  by  a  falling  body  is  as  the  heighth  through  which 
it  falls,  and  we  may  therefore  safely  infer  that,  excluding  the  wear  due 
to  axle  friction  and  attrition  between  wheel  and  pavement,  the  destruc- 
tive effect  of  pavements  upon  vehicles  passing  over  them  increases  pro- 
portionately to  the  degree  of  roughness  of  the  pavement  surface. 
Whether  the  destructive  effect  increases  in  direct  ratio  with  the  uneven- 
ness of  the  street  surface,  we  have  at  present  no  means  of  knowing,  but 
it  seems  reasonable  to  conclude  that  such  is  the  fact  and  we  shall  assume 
it  to  be  so  for  the  present.  This  is  not  true  of  ordinary  earth  roads, 
since  the  great  tractive  power  required  on  such  roads  is  largely  due  to 
the  yielding  character  of  the  surface  which  therefore  acts  as  a  cushion 
to  neutralize  the  effect  of  impact.  If  it  be  accepted  as  true  that  the 
wear  and  tear  of  vehicles  is  proportional  to  the  tractive  resistance  of 
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pavements  we  can  form  som^  estimate  of  the  relative  cost  of  maintain- 
ing vehicles  on  the  several  kinds  of  pavement. 

Let  us,  for  the  purpose  of  illustration,  assume  that  on  a  street  whose 
surface  is  a  perfect  plane,  a  vehicle  with  perfect  wheels  is  used,  and 
that  under  the  combined  action  of  friction  and  deterioration  it  would 
have  a  life  of  fifteen  years  of  constant  use  ;  and  that  if  the  effects  of 
friction  and  deterioration  could  be  eliminated  it  would  be  worn  out  by 
concussive  action  due  to  unevenness  of  street  suface,  on  the  smoothest 
of  all  pavements,  asphalt,  in  twelve  years.  By  the  combined  effects 
of  the  two,  it  would  be  worn  out  in  six  and  two-thirds  years.  If  the 
wear  due  to  the  second  cause  increases  in  direct  ratio  with  the  tractive 
resistance  of  tlie  several  kinds  of  pavement  it  will  be  found  that  the 
vehicle  will  have  a  life,  if  constantly  used,  on  these  pavements  as  fol- 


lows : 

On  Asphalt  pavement   6.7  years. 

Brick  pavement   5.1  " 

Macadam  pavement   3.7  " 

Granite  block  pavement   3.2  " 

Cobblestone  pavement   1.4  " 


At  first  sight  it  would  seem  that  these  figures  must  be  wrong,  but  on 
more  careful  consideration  it  seems  not  unreasonable  that  a  vehicle 
should  last  at  least  four  or  five  times  as  long  on  the  smooth  surface  of 
an  asphalt  pavement  as  on  the  very  hard  and  uneven  surface  of  an  or- 
dinary cobblestone  pavement. 

The  average  cost  of  the  vehicles  used  on  the  city  streets  is  probably 
not  far  from  $150  each.  Neglecting  for  the  present  the  item  of  cost  of 
repairs  and  interest  on  investment,  the  first  cost  of  a  vehicle,  distribut- 
ed over  its  life  when  used  constantly  on  the  several  pavements  named 
above  would  be  : 

Life.  Cost  per  year. 

On  Asphalt  pavement   6.7    $22.39 

Brick  pavement   5.1    29.41 

Macadam  pavement   3.7    40.54 

Granite  block  pavement   3.2    46.87 

Cobblstone  pavement   1.4    107.14 

I  have  at  hand  the  number  of  vehicles  in  use  in  only  one  city,  but  it 
is  probable  that  the  relative  number  in  other  cities  does  not  very  greatly 
differ  from  this  one. 

In  Cincinnati,  Ohio,  where  all  vehicles  must  be  licensed  there  are  in 
use  9100  vehicles.  The  reported  length  of  streets  in  this  city  is  500 
miles.  There  are,  therefore,  about  18  vehicles  to  each  one  mile  of 
street. 
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Knowing  the  number  of  vehicles  per  mile  of  street,  and  the  cost  of 
these  vehicles  per  year,  we  can  readily  compute  the  relative  cost  of 
maintaining  vehicles  over  the  several  kinds  of  pavements,  and  while 
the  figures  and  deductions  here  given  may  be,  and  probably  are  not 
strictly  correct,  they  serve  to  illustrate  the  fact  that  this  item  is  one 
of  such  magnitude  as  to  be  a  very  important  element  in  the  problem  of 
street  paving.  It  is,  however,  one  to  which  very  little  attention  has 
been  given. 

VOI^UME  OF  TRAVEI.. 

Some  reference  has  already  been  made  to  this  division  of  our  subject. 
Enough  has  been  said  to  show  that  the  amount  of  travel  over  any  street 
it  is  proposed  to  pave,  is  a  very  important  factor  in  the  problem  of  se- 
lecting the  kind  of  pavement  to  be  used. 

The  statistics  of  travel  over  streets  are  as  yet  very  meagre,  but  we 
have  the  result  of  censuses  of  travel,  reduced  to  a  common  basis  on 
quite  a  large  number  of  typical  streets  in  American  cities.  These  sta- 
tistics are  exceeding  interesting  and  valuable  in  studying  the  various 
problems  connected  with  street  paving.  It  is  only  from  such  statistics 
that  we  can  determine  the  durability  in  use  of  the  several  kinds  of 
pavement  under  different  conditions  of  travel.  Excluding  natural 
decay  and  the  destructive  action  of  the  elements,  it  is  known-  that  the 
life  of  a  pavement  bears  a  close  relation  to  the  quantity  of  travel  pass- 
ing over  it,  and  can  be  more  accurately  measured  by  tonnage  of  travel 
than  by  years.  A  statement  that  the  pavement  on  a  certain  street  has 
endured  for  a  given  number  of  years,  is  of  little  value  unless  accom- 
panied by  a  statement  of  the  tonnage  of  travel  carried  during  that  pe- 
riod.   The  truth  of  this  is  so  evident  as  to  need  no  argument. 

Since  the  life  of  a  pavement  is  such  an  important  element  in  any  dis- 
cussion of  the  paving  problem,  it  is  surprising  that  no  adequate  efforts 
are  being  made  by  municipal  authorities  or  even  by  municipal  engi- 
neers to  collect  and  record  the  facts  by  which  alone  the  endurance  of  a 
pavement  can  be  determined. 

From  the  statistics  available  I  may  give  you  some  facts  that  will  en- 
able you  to  form  an  idea  of  the  volume  of  travel  on  certain  classes  of 
streets,  the  figures  given  being  in  each  case  the  result  of  a  careful  cen- 
sus of  travel,  on  a  street  of  the  class  to  which  it  belongs,  in  cities  of 
100,000  and  more  population. 
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TABLE  B. 

Showing  Volume  of  Travel  on  several  streets  in  American  Cities. 


Observations  per  Day. 


No.  of  horses  passing  point  of  observation 
No.  of  vehicles        "       *'  " 

Estimated  tons  of  horses  

"  "  vehicles  

Total  estimated,  horses  and  vehicles  

Total  tons  horses  and  vehicles  per  sq.  yd. 
Perot,  of  vehicles  and  loads  of  i  ton  or  less 
"  "  "  I  to  3  tons__ 

"  "  "         over  3  tons_ 

Per  ct.  of  horses  walking  :  

**  "  trotting  

"  "  speeding  


Residence  Street, 
light  travel. 

Residence  Street, 
medium  travel. 

Residence  Street, 
heavy  travel. 

Business  Street, 

light  travel. 

Business  Street, 
medium  travel. 

Business  Street, 
heavy  travel. 

140 

644 

2007 

601 

2368 

4578 

92 

508 

1694 

508 

1664 

3640 

70 

322 

1003 

300 

1 184 

2289 

57 

355 

970 

454 

1916 

3246 

127 

677 

1973 

754 

3100 

5535 

11.7 

40.6 

168.3 

51-3 

232.9 

415.0 

91-3 

89.5 

95.5 

77.2 

62.0 

71.6 

8.7 

8.7 

4.2 

19.6 

32.5 

25.3 

0.0 

1.8 

0.3 

3.2 

5-5 

3.1 

48.6 

14.3 

9-4 

41.7 

48.6 

32.8 

51.4 

84.2 

89.3 

58.2 

51.3 

67.1 

0.0 

1.5 

1.3 

0.1 

0.1 

0.1 

If  we  multiply  the.se  quantities  of  daily  travel  by  the  number  of  work- 
ing days  in  the  year,  say  three  hundred,  we  shall  have  the  amount  of 
travel  per  year  over  these  streets.  Thus  on  the  heav}^  traveled  business 
street  the  travel,  including  both  horses  and  vehicles,  pa.ssing  a  given 
point  in  one  year  amounts  to  1,660,500  tons. 

It  is  doubtful  if  many  people  and  some  engineers  have  any  adequate 
idea  of  the  enormous  volume  of  business  that  such  a  .street  carries,  and 
the  consequent  wear  and  tear  to  which  the  pavement  is  subjected.  In 
studying  street  travel  it  is  important  to  know  the  number  of  horses  a.s 
well  as  of  vehicles.  In  reducing  the  horses  to  tonnage  it  is  generally 
estimated  that  each  horse  weighs  1,000  pounds.  Observation  seem.s- 
to  indicate  that,  compared  ton  with  ton,  horses  are  more  destructive  to 
pavements  than  vehicles.  The  sharp  blows  of  their  heavily  shod  feet, 
particularly  if  the  shoes  have  sharp  steel  calks  and  toes,  are  very  de- 
structive to  stone  block  and  brick  pavements,  as  they  spall  off  the  cor- 
ners of  the  blocks,  giving  them,  in  time,  the  rounded  shape  familiarly 
known  as  "  turtle-backed."  The  velocity  of  movement  of  horses  and 
vehicles  is  an  important  detail  of  street  census  work,  since  it  is  fairly 
well  ascertained  that  the  destructive  effect  of  both  horses  and  vehicles 
increases  directly  with  the  speed. 

It  will  be  very  evident  from  what  has  been  said  that  a  large  amount 
of  work  must  be  done  in  collecting  and  collating  the  statistical  and  ex- 
perimental data  absolutely  required  before  positive  conclusions  can  be 
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reached  and  formulated  ;  and  it  may  be  appropriate  to  point  out  some  of 
the  more  important  of  the  data  required,  in  order  that  the  subject  may 
be  dealt  with  in  an  intelligent  and  satisfactory  manner. 

First — It  is  essential  that  we  should  have  full  and  exhaustive  statis- 
tics of  street  travel.  Censuses  of  travel  over  a  large  number  of  streets 
of  all  classes  should  be  secured  to  determine  with  close  approximation 
the  measure  of  durability  of  the  principal  kinds  of  street  pavement,  un- 
der all  usual  conditions.  In  this  way  the  life  of  each  can  be  determined 
in  terms  of  tonnage,  which  is  the  onl}^  true  measure.  Censuses  of  travel 
should  be  taken  under  a  uniform  system,  in  uniform  units,  so  that  the 
results  from  one  city  ma3^  be  comparable  with  those  from  other  cities. 

Second — It  is  important  to  have  the  tractive  resistance  of  the  several 
kinds  of  pavement  under  the  various  conditions  of  actual  use  accurately 
determined.  While  the  co-efficients  I  have  used  in  this  lecture  are 
generally  accepted  as  reliable,  it  is  a  fact  that  they  were  obtained  by 
different  observers,  using  different  methods  and  different  apparatus. 
The  velocity  of  traction  was  in  many  cases  not  accurately  recorded,  and 
the  condition  of  the  surface  of  the  pavement  when  the  determination 
was  made  are  mostly  unknown.  These  co-efficients  are  therefore  at 
least  open  to  question,  and  certainly  do  not  rest  on  a  scientific  basis. 
This  co-efficient  has  not  been  determined  at  all  for  some  kinds  of  mod- 
ern pavement.  A  systematic  and  scientific  determination  of  this  co- 
efficient made  under  a  uniform  system  is  very  desirable. 

Third — Another  important  class  of  information  now  entirely  want- 
ing, that  is  necessary  for  an  accurate  estimate  of  the  relative  economy 
of  pavements  is  the  effect  of  the  several  kinds  of  pavement  on  dura- 
bility of  vehicles.  There  will  be  found  many  and  serious  practical 
difficulties  in  conducting  a  satisfactory  investigation  in  this  particular 
field,  but  these  can  and  doubtless  will  be  overcome. 

Fourth — The  value  of  the  element  of  deterioration  by  natural  causes 
in  the  several  kinds  of  pavement  should  be  determined  with  as  much 
accuracy  as  possible. 

Fifth — The  relative  cost  of  cleaning  the  several  kinds  of  pavement 
under  like  conditions  should  be  determined.    It  is  well  known  that  it 
•costs  more  to  keep  certain  kinds  of  pavement  clean  than  others,  but 
exact  figures  are  not  yet  available. 

Sixth — The  cost  of  maintainance  for  the  several  kinds  of  pavement 
under  various  conditions  of  use  should  be  established.  Until  these  and 
other  like  data  are  obtained  it  will  not  be  possible  to  reduce  street  pav- 
ing to  an  exact  science.  In  the  meantime  engineers  must  make  use  of 
partial  information  and  exercise  their  best  judgment  in  selecting  the  kind 
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of  pavement  that  promises  the  best  return  for  the  money  invested  in  it. 
It  is  not,  however,  necessary  to  treat  the  subject  in  the  hap-hazard  way 
that  has  been  too  common  in  the  past,  and  is  much  in  evidence  at  the 
present  time.  It  should  be  possible  for  the  engineer  to  at  least  classify 
and  assign  values  in  a  rude  way  to  the  arguments  for  and  against  any 
one  kind  of  pavement,  and  to  weigh  the  good  or  bad  qualities  of  one 
kind  against  those  of  other  kinds.  Without  some  system  by  which 
this  may  be  done  it  is  necessarily  difficult,  if  not  impossible,  to  reach  a 
verdict  which  shall  represent  the  algebraic  sum  of  the  evidence. 

I  will  close  with  an  illustration  of  how  this  may  be  done  in  a  way 
that  ought  to  prevent  any  very  great  mistakes  of  judgment  in  selecting 
a  pavement  for  the  average  city  street. 

The  general  heads  under  which  the  qualities  of  a  pavement  may  be 
divided,  are  :  First,  Cost  of  construction,  and  maintenance  ;  Second, 
Economics  of  use  ;  Third,  Effect  of  the  pavement  on  the  public  health, 
which  we  may  call  its  sanitary  qualities  ;  and  Fourth,  Those  qualities 
that  affect  the  comfort  of  the  people  using  it,  or  living  along  the  street. 

To  each  of  these  four  general  classes  of  qualities  we  may  assign  a 
relative  weight  or  value  in  parts  of  one  hundred. 

Of  these  qualities  the  first,  "  Cost  of  construction  and  maintenance" 
is  of  least  importance.  It  may,  in  fact  be  shown,  that  it  is  of  very  lit- 
tle relative  importance,  and  we  may  assign  to  it  a  weight  of  ten. 

The  second,  "  Economy  in  use  "  is,  when  considered  from  a  commer- 
cial point  of  view,  the  most  important,  and  we  may  assign  it  a  weight  of 
40. 

The  third,  "  Sanitary  qualities  "  is  really  a  very  important  consider- 
ation since  nothing  can  be  more  important  than  conditions  affecting  the 
health  of  the  community.  But  street  pavements  are  not  usually  a  very 
important  agency  in  influencing  the  health  of  a  city,  with  the  possible 
exception  of  decaying  wooden  pavements,  and  we  may  assign  a  value 
of  20  to  this  class  of  qualities. 

The  fourth  class  "  Public  Comfort  "  is  the  one  about  whose  relative 
importance  there  is,  and  is  likely  to  be,  most  divergence  of  opinion.  On 
the  one  hand  it  ma3'  be  said  that  its  commercial  importance  is  almost 
nil  since  the  personal  comfort  of  the  business  community  plays  a  very 
small  part  in  business  affairs.  On  the  other  hand  the  element  of  per- 
sonal comfort  is  receiving  more  and  more  attention  in  municipal  as  well 
as  in  personal  affairs,  and  I  believe  justly  so.  We  attach  much  import- 
ance to  it  in  our  personal  affairs  ;  our  clothing,  our  food  and  our  houses 
are  all  designed  and  regulated  by  our  ideas  of  taste  and  comfort,  and 
not  with  a  view  to  mere  utility.  The  public  is  constantly  demanding 
greater  degrees  of  comfort  in  the  means  of  public  transportation  and 
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every  other  public  function.  I  think,  therefore,  we  shall  not  be  far  out 
of  the  way  if  we  assign  the  number  30  to  this  class  of  qualities. 

But  each  of  these  general  qualities,  with  the  exception  of  the  first,  is 
devisable  into  component  qualities,  and  these  component  qualities  are 
found  in  different  degrees  in  the  different  kinds  of  pavement.  We  may 
represent  these  qualities  by  numbers  on  a  scale  of  10,  the  number  10 
standing  for  the  highest  attainable  excellence  in  that  quality,  and  we 
may  assign  to  each  kind  of  pavement  a  number  which  in  our  judgment 
measures  the  degree  to  which  the  quality  is  found  in  that  pavement. 
Having  done  this,  we  may  take  the  product  of  the  numbers  standing 
for  the  general  qualities  and  those  representing  the  value  of  the  com- 
ponent qualities.  The  sum  of  these  products  for  any  one  pavement 
will  express  the  aggregate  weight  of  all  the  component  qualities,  and 
will  represent  the  relative  value  of  the  pavement.  A  table  may  be  ar- 
ranged which  will  bring  together  in  convenient  form  for  comparison  the 
numerical  values  assigned  to  each  kind  of  pavement,  which  will  show 
at  a  glance  our  estimate  of  the  relative  value  of  each  in  our  judgment. 

TABLE  C. 

Showing  Estimated  Weight  of  Qualities  of  various  kinds  of  Pavement. 


10.  Cost  of  construction 
and  maintenance  

40.  Economy  in  use  : 

Ease  of  traction  

DurabiHty  of  vehicles.. 

Foot  hold  for  horses  

Economy  of  cleaning  

20.  Sanitary  qualities  : 
Freedom  from  decay .._ 
Impermeability  

30.  Public  comfort  : 

Noiselessness  

Comfort  in  use  

Appearance  


Total  relative  weight. 


O  4> 


25 

4.6 
3-2 
5-5 
7.0 

9.0 
8.0 

3-0 
3.0 
5-0 


I 


25 


3.4 


184  ICQ 
128  6.7 

8.0 


220 
280 

180 
160 

90 
90 
150 


1507 


8.5 
9.0 

8.5 
9.0 

8.0 


34 

400 
268 
200 
320 

170 
180 

255 
270 
240 


2337 


•Si  o 
u  O 
PQ 


3.4 

7-1 
5-1 
5.0 
7.5 

9.0 
8.0 

6.0 
4.0 
7.0 


34 

284 
204 
200 
300 

180 
160 

1 80 
120 
210 


1872 


o  <u 
o 

U  g 


2.9 

8.0 
6.0 
7.0 
6.0 

2.0 
i.o 


9.0 
8.0 
4.0 


29 

320 
240 
280 
240 

40 
20 

270 
240 
120 


1799 


2.0 

3-1 
3-7 
8.0 
4.0 

9.0 
4.0 

8.5 
7.0 
5-0 


124 
148 
320 
160 

180 
80 

255 
210 
150 


1647 


4.2 

2.0 
1.4 
4.0 
5.0 

9.0 
5.0 

2.0 
2.0 
3-0 


-a 


42 

80 
56 
160 
200 

180 
100 

60 
60 
90 

1028 


I  have  thus  prepared  a  table  (Table  C),  showing  my  own  estimate  of 
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the  general  qualities  of  the  several  pavements  in  common  use.  It,  of 
course,  represents  my  own  judgment  only.  Each  individual  will  have 
his  own  opinion  of  the  merits  and  demerits  of  different  pavements,  and 
will  therefore  assign  different  weights  to  the  several  qualities.  When, 
however,  he  has  pursued  the  investigation  by  this  method  the  totals 
of  the  several  columns  of  products  will  represent  in  an  intelligent  and 
unerring  way,  the  general  conclusion  to  which  his  opinions  in  detail 
lead. 

It  is  not  possible  in  a  single  lecture  to  give  more  than  an  outline  of 
the  subject  which  I  have  called  the  "  Economics  of  street  paving." 
There  are  many  phases  of  the  subject  and  many  interesting  details  that 
we  cannot  touch  upon  at  all  in  the  time  available.  I  have  only  hoped 
to  call  your  attention  to  the  importance  of  the  subject,  and  to  enlist 
your  interest  in  its  proper  investigation.  To  those  of  you  who  may 
have  the  inclination  and  the  opportunity  to  pursue  the  study  in  a  sys- 
tematic and  scientific  manner,  there  is  ample  room  in  an  almost  un- 
worked  domain.  I  know  of  no  more  promising  field  in  the  whole  range 
of  municipal  economics. 


THE  HOLDING  POWER  OF  vSCREWS  IN  WOOD. 


WAI^TER  J.  GRAVES,  C.E.,   1 898. 

The  first  exhaustive  investigation  of  the  holding  power  of  ordinary 
screws  of  various  sizes  when  inserted  under  various  conditions  in 
different  kinds  of  wood  was  inaugurated  by  Mr.  Norris  M.  Works  as  a 
thesis  subject  in  1897.  To  Mr.  Works  all  credit  is  due  for  the  in- 
auguration of  the  test,  the  devising  of  the  apparatus,  and  the  data 
obtained  by  him  for  white  pine.  The  writer's  thesis  was  but  supple- 
mentary, continuing  the  tests  for  yellow  pine  and  oak.  An  abstract 
of  Mr.  Work's  thesis  was  published  in  Vol.  VI  of  these  Transactions 
in  1898. 

For  the  purpose  of  comparison  much  of  the  valuable  data  obtained 
by  Mr.  Works  is  embodied,  after  slight  revision,  in  this  article. 

The  author  used  the  same  series  of  screws  as  was  employed  by  Mr. 
Works.  They  were  the  ordinary  iron  cut  screws  furnished  by  the 
American  Screw  Co.  of  Providence,  Rhode  Island.  As  the  only 
standard  of  dimension  divulged  by  the  manufacturers  was  that  **  the 
threaded  portion  is  two-thirds  the  total  length  of  the  screw"  it  was 
necessary  to  measure  up  the  series.  Table  I  (revised  from  Works' 
thesis)  gives  the  mean  of  many  careful  measurements. 

The  "  Effective  Length,"  Column  14,  is  the  length  of  the  threaded 
portion,  measured  from  the  first  cut  of  the  tool  into  the  shank  to  the 
extreme  point,  minus  a  certain  number  of  turns  (varying  with  the 
different  sizes)  assumed  from  inspection  as  being  ineffective  in  holding 
power. 

The  "  Areas  of  Threads"  Column  16,  are  obtained  by  multiplying 
the  effective  length  by  the  outer  circumference.  This  is  in  accordance 
with  the  practice  of  the  Watertown  Arsenal. 

Description  of  Woods. — The  wood  used  by  Mr.  Works  in  his  tests 
consisted  of  three  strips  from  three  different  trees  as  follows  : 

Stick  A,  used  in  tests  of  screws  which  were  driven  part  way  with 
hammer  or  screwed  in  to  the  head,  was  of  very  clear  straight  grained 
white  pine  3"  x  4"  x  8'  long.  Specific  gravity  0.4186.  Rate  of  growth 
9.5  rings  per  inch. 

Stick  B,  used  in  comparative  preliminary  tests  was  of  the  best  quality 
of  white  pine,  thoroughly  seasoned,  of  4"  x  8"  x  10'  long.  Specific 
gravity  0.47.    Rate  of  growth  not  given. 
8 
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TABLE  I      (revised)  Dimensions  of  American  Screw  Cos  Cut  Screws 


2 

3 

4 

5 

6 

7 

8 

9 

10 

M 

12 

13 

14 

15 

16 

LENGTHS 

Diameters 

THREADS 

MEAN 

AREA 

HEAD 

SHANK 

THREAD 

Double  Tot>*l 

PER 

EFF 

Outer 

OF 

NO 

TOTAL  HEAD  SHANK  THREAD 

GAGE  ACTUAL  OUTER  INNER 

DEPTH  NuMBtK  INCH 

LENGTH 

CiRCUK 

THREAD 

A 

1  " 

06' 

32" 

.61" 

ZZ 

1  105 

.110 

106 

.070 

.036 

135 

22 

47' 

350' 

.166" 

8 

09 

26 

64 

32 

1631 

.161 

159 

100 

059 

95 

15 

46 

.449 

228 

12 

12 

15 

fcfl 

42 

2168 

215 

2«3 

132 

061 

70 

> ' 

46 

669 

306 

16 

15 

.13 

72 

52 

2684 

267 

264 

I70 

094 

70 

10 

.50 

830 

41  1 

20 

19 

0© 

74 

62 

.3210 

319 

^17 

ZOC 

••oe 

60 

8 

52 

995 

515 

A 

1.5 

06 

54 

90 

22 

1  105 

no 

108 

070 

038 

200 

22 

76 

.350 

267 

8 

09 

46 

95 

32 

1631 

161 

100 

059 

14.0 

15 

77 

499 

.363 

•2 

12 

34 

104 

42 

2158 

.215 

213 

132 

081 

no 

1  t 

61 

669 

543 

16 

15 

28 

107 

52 

2684 

267 

2G4 

I70 

034 

95 

9 

82 

830 

681 

20 

16 

22 

110 

62 

3210 

319 

317 

206 

109 

85 

8 

65 

995 

.845 

24 

22 

18 

1.10 

72 

.3737 

374 

36B 

213 

MR) 

75 

7 

84 

1  156 

978 

Mean 

•  1.04 

a 

2 

09 

60 

131 

.32 

1631 

161 

.159 

100 

059 

195 

15 

1.13 

499 

561 

12 

.12 

54 

1.34 

42 

.2158 

215 

.213 

132 

081 

145 

1 1 

l.ll 

669 

743 

16 

15 

.54 

131 

52 

2664 

267 

264 

170 

094 

11.5 

9 

1.06 

.830 

900 

20 

.19 

.50 

1.31 

62 

3210 

.319 

317 

208 

109 

105 

8 

106 

99B 

1  052 

tA 

22 

44 

1.34 

72 

3737 

374 

363 

253 

115 

95 

7 

1.09 

1.156 

1.260 

Meon 

•1  32 

e 

2.5 

09 

78 

163 

32 

.1631 

161 

159 

100 

059 

240 

15 

145 

.499 

718 

•2 

.12 

87 

V^l"? 

42 

2158 

215 

.213 

132 

081 

165 

II 

139' 

669 

934 

»6 

IS 

168 

52 

2j6&4 

267 

264 

170 

094 

lAO 

9 

1.43 

.830 

1.185  • 

20 

.19 

66 

165 

62 

3210 

319 

317 

208 

109 

130 

8 

140 

.995 

1391 

lA 

22 

64 

1.63 

72 

3737 

374 

368 

2  53 

115 

115 

7 

1  38 

1  156 

1.590 

Mean 

cl.62 

12 

3 

12 

.81 

207 

AZ 

2156 

.213 

.213 

132 

.081 

220 

II 

184 

669 

1230 

16 

15 

.92 

193 

52 

2684 

266 

164 

170 

094 

175 

9 

166 

.830 

1395 

20 

19 

.78 

203 

62 

3210 

.318 

317 

208 

.109 

160 

8 

178 

995 

1770 

22 

78 

2  00 

72 

3737 

373 

368 

253 

115 

140 

7 

1.74 

1.156 

2008 

Mean< 

200 

12 

3.5 

12 

1.03 

2  35 

.42 

1158 

215 

213 

132 

081 

260 

n 

212 

.669 

1420 

16 

15 

100 

235 

52 

2684 

268 

264 

170 

094 

210 

9 

210 

.630 

1742 

20 

19 

95 

2  36 

62 

3210 

321 

317 

208 

.109 

19.0 

8 

2.11 

935 

2095 

2/4 

22 

98 

2  30 

72 

3737 

372 

363 

253 

115 

165 

7 

204 

1.156 

2.370 

Mean 

Z34 

12 

•4. 

.12 

1.25 

2  63 

A-Z 

2158 

.215 

.213 

>32 

081 

285 

1  1 

240 

.669 

1.60B 

16 

15 

1.33 

2.52 

52 

2684 

264 

264 

»70 

094 

225 

9 

2.17 

.630 

V885 

2C 

19 

124 

257 

62 

3210 

319 

317 

208 

.109 

2Q5 

8 

232 

.995 

2301 

24 

22 

1.04 

274 

11 

3737 

.375 

368 

253 

■1 15 

19.0 

7 

2.48 

1.156 

2670 

Mean- 

259 

16 

4.5 

15 

1.60 

275 

.52 

2684 

IXA 

264 

.170 

094 

245 

9 

2.50 

.830 

207 1 

20 

19 

2  80 

62 

3210 

.317 

317 

.208 

.109 

230 

8 

264 

.395 

2625 

24 

22 

LZ4 

306 

72 

3737 

.377 

366 

253 

.MS 

21.0 

7 

260 

1.156 

3235 

Mean. 

293 

20 

5 

.19 

1&2 

319 

62 

3210 

317 

208 

.109 

250 

6 

294 

.995 

2.921 

24 

22 

132 

3.46 

72 

3737 

377 

366 

253 

US 

24.0 

7 

3.20 

1.156 

3710 

28 

27 

1.42 

331 

82 

4263 

.426 

421 

296 

125 

195 

6 

306 

1.320 

4.040 

Mean* 

332 

20 

6 

.19 

2.06 

3.76 

62 

3210 

.3>7 

317 

208 

.109 

300 

8 

351 

.995 

3490 

24 

22 

2.03 

37S 

72 

3737 

372 

368 

253 

.115 

260 

7 

350 

M56 

4040 

28 

27 

1.88 

366 

82 

4263 

AZ6 

421 

298 

.125 

23.0 

6 

360 

1.320 

4  751 

SO 

28 

1.90 

3.82 

.92 

4520 

455 

451 

335 

.116 

230 

6 

357 

5140 

Mean- 

379 

COKNCU 
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Stick  C,  used  in  final  tests  of  holding  power  of  each  size  of  screw 
was  good  clear  pine,  seasoned  four  years  or  more,  of  uniform  texture 
and  with  a  fibre  inclined  to  be  rather  tougher  than  in  Stick  A  or  B. 
Specific  gravity  0.3828.    Rate  of  growth  15  rings  per  inch. 
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The  author  used  woods  as  follows  : — 

Stick  D,  good  southern  pine,  seasoned  five  years  or  more,  straight 
coarse  grain  and  clear.  Specific  gravit}^  -hlZ-  Rate  of  growth,  vary- 
ing with  the  distance  from  the  heart  wood,  from  7^  to  10  rings  per 
inch.  A  narrow  streak  of  dense  dark  colored  heartwood  ran  down  one 
corner  of  this  stick  and  in  pulling  screws  parallel  with  the  grain,  such 
screws  as  chanced  to  come  in  this  corner  gave  much  higher  results. 

Stick  E,  fair  quality  white  oak,  well  seasoned  and  with  a  fine  straight 
grain,  very  uniform  in  texture.  Specific  gravity  .729.  Rate  of 
growth  about  20  rings  per  inch. 

Descriptio7i  of  Methods.  The  screws  were  inserted  with  a  bit-brace 
screwdriver  in  groups  along  the  stick.  Shallow  YaJ'  auger  holes  were 
first  bored  to  prevent  splitting  of  the  outer  fibres.  The  stick  was  then 
clamped  to  the  movable  bed  of  a  50,000  pound  Olsen  Testing  Machine. 
The  screws  were  clamped,  one  at  a  time,  around  the  shank  and  just 
below  the  head  by  a  screw  clamp  suspended  from  the  upper  stationary 
bed  of  the  machine.  The  machine  was  operated  by  hand  at  a  very 
slow  and  uniform  rate  of  speed. 


PRKWMINARY  TESTS  AND  INVESTIGATIONS. 


Size  of  Hole  for  Threaded  Portion.  This  is  one  of  the  most  im- 
portant factors  in  the  holding  power  of  a  screw.  Mr.  Works  found 
that  a  loss  resulted  from  driving  screws  with  a  hammer  in  white  pine 
and  that  holes  of  a  certain  size  gave  higher  results  than  others.  The 
author  continued  this  investigation  and  Table  II  gives  a  summarj^  of 
all  these  tests. 

TABLE  II. 


PROPER  SIZE  OF  HOI.E  FOR  THREADED  PORTION. 


Ratios  of  hole  diameters  to  the  diameters  of  inner  cylinders  of  screws. 

White  Pine.  Yellow  Pine.  White  Oak. 

Size  Screw.      Inner  Diameter.    Perp.          Par.  Perp.           Par.  Perp.  Par. 

4^^,     No.  12          .132^^          .95          I.OO  .95           ^'^i  ^-^^  ^'^^ 

3^     N0.16          -^70  or  (/.oo) 

^  '                        .180  1.07 

3.5'^  No.  20          .208            .83           .81  .87            .96  .90  .8i 

No.  30  .335  .84 


Note. — The  results  in  parenthesis  are  as  liable  to  be  correct  as  the  stated  results 
owing  to  the  variable  texture  of  the  yellow  pine. 
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From  a  careful  study  of  all  the  data  the  following  conclusions  were 

drawn  : — 

ist.  The  size  of  the  hole  should  be  the  same  for  the  same  screw  both 
perpendicular  and  parallel  to  the  grain. 

2nd.  The  smaller  the  diameter  of  the  screw  the  smaller  should  be 
the  ratio  of  hole  to  inner  C3dinder. 

3rd.  The  harder  the  wood  the  greater  should  l^e  the  ratio. 

4th.  Holes  should  be  bored  if  the  maximum  holding  power  is  to  be 
realized. 

5th.  In  general  the  ratio  siiould  be  from  82%  to  97%  for  white  pine, 
from  90%  to  97%  for  yellow  pine,  and  from  85%  to  105%  for  oak,  de- 
pending on  the  diameter  of  the  screw. 

6tli.  The  depth  of  hole  should  equal  the  straight  threaded  length  of 
the  screw. 

Although  this  preliminary  test  was  made  before  the  final  test  for 
maximum  holding  power,  the  conclusions  first  drawn  were  somewhat 
different  from  the  above  conclusions  and  the  high  or  low  values  for 
certain  screws  in  Tables  IV  and  V  may  be  due,  in  part,  to  improper 
size  of  hole  as  the  test  was  made  with  holes  of  size  determined  by  the 
first  and  too  hasty  conclusions. 

The  following  table  of  sizes  would  undoubtedly  give  better  results 
as  they  conform  more  closely  with  the  sizes  determined  by  actual  test. 

The  drill  sizes  vary  by  sixty- fourths  of  an  inch  and  can  be  purchased 
with  square  or  round  shank  of  any  hardware  dealer. 


TABLE  II  A. 

PROPER  SIZES  OF  DRII.I.S  FOR  VARIOUS  SIZES  OF  SCREWS. 


White  Pine. 

Screw 
No. 

Inner 
Diam. 

Ratio  Hole  Drill. 

4 

.070 

I.OO 

.070 

.062 

8 

.100 

.98 
(•97) 

.090 

.094 

12 

.132 

.128 

•125 

16 

.170 

•93 

.158 

•156 

20 

.208 

(.82) 

.177 

.171 

24 

.253 

.85 

.215 

.218 

28 

.296 

.85 

.237 

•234 

30 

.235 

(•84) 

.284 

.281 

Yellow  Pine.  White  Oak. 

Ratio  Hole  Drill.  Ratio  Hole  Drill. 


I.OO 

.070 

.062 

1.07 

•75 

.062 

•97 

.097 

.094 

1.06 

.106 

.109 

(.95) 

.128 

.125 

(i^o5) 

.139 

•  138 

•93 

.158 

•  156 

•97 

.165 

•  156 

(•91) 

.187 

.187 

(•90) 

.187 

.187 

.90 

.228 

.234 

.90 

.228 

.234 

.90 

.266 

.265 

.90 

.266 

.265 

Ratios  in  parenthesis  are  from  actual  tests. 
Intermediate  ratios  can  be  interpolated. 
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Size  of  Hole  for  Shank. — Tests  for  the  proper  sizes  of  holes  for  the 
shank  led  to  the  following  conclusions : — 

ist.  For  white  pine  the  hole  for  the  shank  should  be  77%  of  the 
diameter  of  the  shank,  and  in  the  harder  woods  83%. 

2nd.  The  holding  power  of  the  shank  is  so  small  in  comparison  with 
the  thread  that  it  makes  little  difference  whether  the  above  per- 
centages are  exactly  adhered  to  or  not.  Calling  the  ratio  80  % 
for  all  cases  would  be  sufficiently  accurate. 

The  effect  of  lubrication,  as  demonstrated  by  tests  in  'white  pine,  is 
marked,  giving  a  small  increase  in  holding  power.  The  increase  would 
be  greater  in  the  harder  woods  where  lubrication  becomes  an  absolute 
necessity.  The  best  lubricant  is  the  heaviest  one  which  will  adhere  to 
the  threads.  Tar  soap  gave  the  best  results  and  was  used  in  these 
tests. 

Effect  of  Lapse  of  Time.  — From  resulting  data  of  this  test  it  is  con- 
cluded that  there  is  a  slight  gain  in  holding  power  of  from  to 
if  stress  is  not  applied  until  some  weeks  after  insertion. 

Spaciiig  Required  Between  Screws. — From  a  careful  inspection  of  a 
section  cut  parallel  with  the  grain  it  is  known  that  the  fibres  of  the 
wood  are  bent  upward  near  the  hole  and  pulled  apart  and  damaged  to 
a  distance  of  three-quarters  of  an  inch  each  way  in  white  pine  and 
one  inch  each  way  in  the  harder  woods. 

Although  the  eye  is  unable  to  detect  any  damage  in  the  cross  section 
cut  perpendicular  to  the  grain  it  is,  however,  necessary  to  have  ample 
spacing  in  this  direction  because  the  holding  power  when  placed  too 
near  together  is  lessened. 

In  white  pine  the  spacing  for  the  larger  screws  should  be  one  inch  in 
a  direction  perpendicular  to  the  grain,  and  two  inches  in  a  direction 
parallel  to  the  grain. 

In  the  harder  woods  the  spacing  should  be  one  and  one-half  inches 
in  the  former  direction  and  two  and  one-half  inches  in  the  latter  di- 
rection. When  drawn  parallel  to  the  grain  the  damage  to  the  fibres  is 
to  a  great  extent  local  and  one  and  one-half  inches  is  ample  space  be- 
tween the  larger  screws. 
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TABLE  III.  SUMMARY. 


MAXIMUM  HOI.DING  POWER  OK  SCREWS   IN   WHITE  PINE. 


Perpendicular  to  Grain.  Parallel  to  Grain, 

ten.     NO.      -r^l--"    NO-      „„,e.    Av.lb.,.  I-^b-P"  „o.e.  ^b".  ^v.  lbs,  Lbs-.p^r^Pa^ 

none      194  11 70  none  3  113  682  .58 

247  1082        "  3  176  772 

332  1079        "  3  280  910 

430  1047        "  4  242  590 

417        808  .171  3  283  551 

1.5^^     4        .267       4        "         300  II 21  none  4  179  672 

386  KX)6  "  3  276  715 

569  1050  .138  3  413  773 

.152       602        885  .149  3  433  637 

.198       685        812  .171  3  480  701 

.226       787        805  .219  3  630  645 


Thread 

No. 

No. 

area. 

Ob.s. 

4 

.166 

5 

8 

.228 

4 

12 

.308 

4 

16 

.411 

4 

20 

•515 

4 

4 

.267 

4 

8 

5 

12 

.543 

4 

16 

.681 

4 

20 

.845 

4 

Q78 

8 

.561 

4 

12 

•743 

4 

16 

.900 

4 

20 

1.052 

4 

24 

1.260 

4 

8 

.718 

3 

12 

•934 

3 

16 

1. 185 

3 

20 

i^39i 

3 

24 

i^590 

3 

12 

1.230 

3 

16 

1.395 

3 

20 

1.770 

3 

24 

2.008 

3 

lone  525  935  none  3  470  838 

792  1066  .138  3  536  721 

.152  857  955  .149  3  653  725 

198  937  761  .171  3  660  627 

,226  1102  877  .219  3  810  643 

.5^^     8        .718       3      none  763  1062  none  4  460  640 

.138  953  1020  .138  3  740  793 

.152  1 185  1000  .149  3  796  672 

.198  1293  930  .171  3  976  755 

.226  1383  871  .219  4  1045  657 

.138  1260  945  .138  3  833  676 

.152  1283  920  .149  3  1073  771 

.198  1403  794  .171  3  1006  569 

.226  1673  835  .219  3  1366  682 


12 

1.420 

3 

•  138 

1350 

953 

16 

1.742 

3 

.152 

1523 

875 

20 

2.095 

3 

.198 

1713 

820 

24 

2.370 

3 

.226 

1893 

798 

12 

1.605 

3 

.138 

1650 

1029 

•138 

3 

1056 

657 

.64 

16 

1.885 

3 

•152 

1786 

948 

.149 

3 

1310 

694 

.73 

20 

2.301 

3 

.198 

2100 

914 

.171 

3 

1533 

666 

.73 

24 

2.870 

3 

.226 

2246 

781 

.219 

3 

1663 

579 

.74 

16 

2.071 

3 

•  152 

1720 

830 

20 

2.625 

5 

.198 

2084 

794 

24 

3.235 

3 

.226 

2473 

765 

20 

2.921 

3 

.198 

2510 

858 

.141 

3 

i960 

672 

•  78 

24 

3.710 

3 

.226 

2996 

808 

.219 

7 

2206 

595 

.74 

28 

4.040 

3 

.265 

2933 

725 

.248 

6 

2190 

543 

•73 

20 

3^490 

3 

.198 

2746 

786 

.141 

4 

2137 

613 

.78 

24 

4.040 

5 

.226 

3158 

782 

.219 

7 

2381 

589 

.75 

28 

4^751 

5 

•265 

3564 

765 

.248 

6 

2488 

523 

.70 

30 

5.140 

5 

•279 

391 1 

760 

•279 

5 

2746 

533 

.70 

Mean  values, 

905 

670 

.74 
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TABLE  IV.  SUMMARY. 


MAXIMUM  HOI.DING  POWER  OF  SCREWS  IN  YEI,I<OW  PINE. 


Perpendicular  to  Grain.  Parallel  to  Grain. 

Av.ibs.  i;^%P^^^ 

sq.  in.  pej-p 

156       941  -53 

258    I 130  .65 

396    1285  1.05 

320      780  .62 

388      754  .74 


r^en.  No. 

Thread 
area. 

No. 
Obs. 

Hole. 

Av.  lbs. 

Lbs.  per 
sq.  in. 

Hole. 

No. 
Obs. 

1'^  4 

.166 

5 

.062 

294 

1770 

.062 

5 

8 

.228 

5 

.094 

394 

1720 

.094 

5 

12 

.308 

5 

.109 

380 

1230 

.109 

5 

16 

.411 

5 

.156 

518 

1260 

.156 

5 

20 

•515 

4 

.187 

525 

1020 

.187 

5 

4 

.267 

3 

.062 

443 

1660 

.062 

5 

224 

839 

•51 

8 

.383 

5 

.094 

592 

1550 

.094 

5 

378 

989 

.64 

12 

•543 

5 

.125 

702 

1290 

.125 

5 

556 

1025 

.80 

16 

.681 

5 

.156 

806 

1 185 

.156 

5 

574 

843 

.71 

20 

.845 

4 

.187 

890 

1050 

.187 

5 

686 

813 

.87 

24 

.978 

4 

.228 

977 

1000 

•  234 

5 

902 

921 

.92 

8 

.561 

5 

.094 

780 

1390 

.094 

5 

528 

941 

.68 

12 

•  743 

4 

•  125 

1020 

1370 

.125 

5 

740 

995 

.73 

16 

.900 

5 

.156 

1092 

1214 

.156 

5 

844 

938 

.78 

20 

1.052 

5 

.187 

II 76 

1118 

.187 

5 

966 

917 

.82 

24 

1.260 

5 

.228 

1344 

1067 

•  234 

5 

ri8o 

939 

.88 

8 

•  718 

5 

.094 

1030 

1435 

.094 

5 

780 

1085 

.75 

12 

•934 

5 

.125 

1272 

1360 

.125 

4 

903 

969 

•71 

16 

1. 185 

5 

.156 

1454 

1225 

.156 

5 

1 130 

955 

.78 

20 

I-39I 

4 

.187 

1633 

"75 

.187 

5 

1356 

974 

.83 

24 

1-590 

5 

.234 

1696 

1065 

.234 

5 

1312 

826 

.78 

12 

1.230 

4 

.125 

1602 

1300 

.125 

5 

1076 

876 

.67 

16 

1.395 

5 

.156 

1776 

1271 

•156 

5 

1 196 

858 

.67 

20 

1.770 

5 

.187 

1896 

1071 

.187 

4 

1330 

750 

.70 

24 

2.008 

5 

.234 

2128 

1060 

.234 

5 

1750 

873 

.83 

12 

1.420 

4 

•125 

1805 

1270 

•125 

5 

1288 

907 

.72 

16 

1.742 

4 

.156 

2030 

1170 

.156 

5 

1764 

1013 

.86 

20 

2.095 

5 

.182 

2648 

1264 

.199 

5 

1984 

950 

.75 

24 

2.370 

4 

•  234 

2602 

IIOO 

.234 

5 

1902 

804 

.73 

12 

1.605 

5 

.125 

2056 

1280 

.095 

5 

1560 

973 

.76 

16 

1.885 

4 

.156 

2110 

1118 

.156 

5 

1710 

909 

.82 

20 

2.301 

4 

.187 

2418 

1049 

.187 

5 

2154 

936 

.90 

24 

2.870 

4 

.234 

2593 

904 

.234 

5 

2254 

786 

.87 

16 

2.071 

4 

.156 

2240 

1080 

.156 

4 

1833 

885 

.82 

20 

2.625 

3 

.187 

2667 

1015 

.187 

5 

2486 

948 

.93 

24 

3.235 

2 

.234 

2700 

836 

.234 

5 

2442 

756 

.90 

5'^ 

20 

2.921 

6 

.187 

2845 

24 

3.710 

3 

•234 

3507 

28 

4.040 

3 

.266 

3660 

Mean  values, 


973 

.187 

3 

2603 

891 

.92 

946 

.234 

3 

3040 

820 

.87 

906 

.281 

3 

2973 

736 

.81 

1199 

911 

.78 

I20 
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TABLE  V.  SUMMARY. 


MAXIMUM  HOLDING  POWER  OF  SCREWS  IN  WHITE  OAK. 


Len. 


No. 


Thread 
area. 


Perpendicular  to  Grain. 


No. 
Obs. 


Hole. 


Av.lbs.    I;1^^-.P"  Hole 


Parallel  to  Grain. 

Av  lbs  I-bs  per  Par. 
•      Ob.s.        ^"^^^  sq.  in. 


I^^ 

4 

.166 

5 

.062 

334 

2000 

.062 

5 

225 

1450 

8 

.228 

5 

.094 

378 

1660 

.094 

5 

330 

1356 

12 

.30S 

5 

•  125 

500 

1623 

•125 

5 

458 

i486 

16 

ATI 

0 

is6 

^10 

1 240 

c 

T  27^ 

20 

.515 

5 

.187 

538 

1043 

.187 

4 

382 

742 

1.5^' 

4 

.267 

5 

.062 

454 

1720 

.062 

5 

244 

915 

8 

•383 

5 

.094 

586 

1527 

.094 

5 

402 

1050 

12 

•543 

5 

•125 

786 

1445 

•  125 

5 

610 

II22 

16 

.681 

c 

0 

.161 

810 

1 190 

.161 

c 

J 

960 

20 

.845 

5 

.199 

1026 

1217 

.199 

5 

770 

911 

24 

.978 

5 

•  234 

1 102 

1 1 29 

•234 

5 

940 

962 

8 

.561 

5 

.094 

820 

1460 

.094 

5 

578 

1029 

1 2 

•  1  ^0 

0 

1 1 24 

I  «\  T  2 

•  '  ^0 

H 

8-;2 

I  I  20 

16 

.900 

4 

.156 

1220 

1356 

.156 

5 

836 

929 

20 

1.052 

5 

.187 

1280 

I219 

.187 

5 

932 

889 

24 

1.260 

5 

•  234 

1540 

1223 

•234 

5 

1078 

856 

2 

8 

718 

0 

OQd 

10S4 

I  ^  TO 

12 

•934 

5 

•125 

1320 

I4I5 

.125 

4 

905 

970 

16 

1. 185 

5 

•156 

1550 

I3IO 

•  156 

5 

998 

843 

20 

I-39I 

5 

•203 

1700 

I22I 

.187 

5 

1302 

936 

24 

1.590 

5 

.234 

1834 

1 153 

•234 

4 

1355 

856 

I'' 

12 

1.230 

5 

.125 

1662 

1350 

.125 

4 

1 108 

900 

16 

1.395 

5 

.156 

1778 

1275 

.156 

5 

1268 

910 

20 

1.770 

5 

•203 

2066 

1 168 

.187 

5 

1522 

861 

24 

2.008 

5 

•234 

2476 

1233 

•234 

5 

1856 

924 

3.5'' 

12 

1.420 

5 

•125 

1804 

1270 

•125 

4 

I318 

927 

16 

1.742 

5 

.156 

2182 

1252 

•  156 

5 

1606 

924 

20 

2  OQ'^ 

6 

.182 

2700 

1289 

172 

-2 

J 

2120 

lOIO 

24 

2.370 

3 

.234 

2860 

1207 

.234 

5 

1952 

925 

12 

1.605 

4 

.141 

2140 

1338 

•125 

7 

1645 

1025 

16 

1.885 

4 

.156 

2500 

1326 

•156 

5 

1770 

940 

20 

2.301 

4 

•203 

2863 

1240 

.187 

5 

1978 

860 

24 

2.870 

4 

•234 

3243 

II30 

•234 

5 

2394 

835 

4.5^^ 

16 

2,071 

4 

•156 

2618 

1262 

.156 

5 

1782 

860 

20 

2.625 

3 

•203 

3080 

II74 

.187 

3 

2263 

864 

24 

3.235 

2 

•234 

3565 

IIOO 

.234 

3 

2677 

829 

20 

2.921 

3 

•203 

3283 

II24 

.187 

2 

2240 

768 

24 

3.710 

3 

.234 

3577 

966 

.234 

2 

2850 

768 

28 

4.040 

2 

.281 

3897 

964 

.281 

3 

3067 

759 

Mean  values, 

1304 

964 

.74 
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HOLDING  POWER  OF  SCREWS  IN  WOOD. 

Tables  III,  IV  and  V  give  the  data  of  tests  from  which  the  accom- 
panying Plates  I,  II  and  III  were  plotted,  and  from  which  the  curves 
were  computed.  The  averages  for  white  pine  were  furnished  by  Mr. 
Works  and  the  holding  power  per  square  inch  of  thread  area  were  com- 
puted with  the  areas  given  in  the  revised  Table  I  as  a  basis. 


Plates  I,  II  and  III  show  the  results  of  tests  graphically  and  serve  to 
bring  out  the  following  facts  : 

I  St.  Screws  of  small  diameter  hold  more  per  square  inch  of  thread 
area  than  those  of  larger  diameter,  as  the  points  above  the  curves  are 
generally  for  screws  of  small  diameter,  while  the  points  below  the 
curves  are  for  screws  of  large  diameter.  This  fact  is  better  shown  by 
diagrams  in  the  original  thesis  which  are  not  reproduced  here.  The 
writer  is  unable  to  as.sign  a  reason  for  this.  A  trial,  using  co-efhcients 
depending  upon  the  ratio  of  diameter  of  inner  cylinder  to  outer,  resulted 
in  bringing  points  a  little  nearer  the  line,  but  the  gain  was  so  small  that 
it  was  considered  an  unnecessary  refinement.  A  co-officient  based  up- 
on the  ratio  of  area  of  a  single  thread  to  the  diameter  might  have  given 
better  results.  The  supposition  is  that  the  fibres  are  not  damaged  as 
much  in  proportion  to  the  thread  area  by  the  smaller  as  by  the  larger 
screws;  and  also,  that  small  screws  bend  up  the  fibres  resting  upon 
their  threads  nearly  as  much  as  the  larger  ones. 
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I  I  I  I  I  I  I  I  I 

Yello 

Variation  in  H6lding  Power 


I  I  I  I  I  I  I  I  I  , 

Plate  2 

N  Pine 

CORREiPONDING  TO  CHANGEk  InThREAD  AreA 


4000 


3000 


2000 


1000 


Perp  to  Gn  vn  (39  Points )      /3i9  x  -  o.  //83  x  ^ 


Parallel  to 


Groin,  (39  Points)  -  y 
SduARE  Inches  ofAre>, 


'1005m  -0  0S9x^ 


ro)  (o  (2)  (3) 

1  lYl  1  I  I  I  I  I  I  IT  I  I  I  I  I  1  I  I  111  I  I  I  I  I  I  I  I 


2iid.  There  is  a  diminution  of  holding  power  as  the  length  increases, 
especially  for  screws  longer  than  four  inches,  the  assumption  being  that 
all  the  threads  do  not  come  to  an  equal  bearing,  some  threads  taking 


I  I  I  M  I  i  I  I 


I  I  I  I  I  I  I  I  I 
Oak 


4000 


3000* 


2000 


Variation  in 


White 

Holding  Power 


oorrespondins  to  changes 


Plate  3 
IN  Thread  Area 


Perp.  to  Grai 


Parallel  vo  Gram,  (30  Points)  -^f '1.015  ^  -o.06£3x' 


SQL  ARE  Inched  of  Area 


1 1 1  iTl  1 1 1 1 1 1  l.lTl  1 1 1 1 1 1 1 1 
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more  stress  than  others  ;  and  also,  that  the  holding  power  due  to  fric- 
tion is  less  in  proportion  to  the  thread  area  in  case  of  the  larger  screws. 

3rd.  The  relation  between  holding  power  and  thread  area  is  ex- 
pressed by  a  parabola  in  each  of  the  six  cases.  Mr.  Works  gave  a 
straight  line  as  best  fitting  the  points  for  white  pine.  His  data,  worked 
up  with  the  thread  areas  in  revised  Table  I  as  a  basis,  give  a  parabola, 
although  of  less  curvature  than  those  for  the  harder  woods. 

The  relation  between  length,  diameter  and  holding  power,  was  best 
shown  by  other  diagrams  in  the  original  thesis,  which  also  included 
practical  diagrams  of  the  actual  holding  power  for  the  various  sizes  of 
screws  and  also  the  relative  cost  per  pound  of  holding  power  for  the 
series. 

Tests  were  also  made  with  two  sizes  of  the  Rogers  drive  screw,  the 
results  of  which  are  briefly  embodied  in  the  final  conclusions.  These 
screws  are  made  with  a  smooth  thread  of  great  pitch  which  enables 
them  to  be  easily  driven  with  a  hammer  into  hard  or  soft  woods.  Their 
holding  power  lies  between  that  of  the  nail  and  the  ordinary  screw. 

Further  investigation  might  be  in  the  nature  of  shear  and  impact 
tests  ;  and  a  test  of  a  complete  series  of  the  Rogers  drive  screw  would 
be  of  value. 

GENERAL  CONCLUSIONS. 

Wood  screws,  when  drawn  parallel  to  the  grain,  depend  for  their  re- 
sistance upon  the  shearing  strength  of  the  wood  parallel  to  the  grain. 

When  pulled  perpendicular  to  the  grain  the  strength  is  a  function  of 
several  conditions  :  of  the  shearing  strength  of  the  wood  ;  parallel  to 
the  grain,  perpendicular  to  the  grain,  and  across  the  grain  in  a  plane 
parallel  to  the  fibres  ;  also  of  the  flexual  stiffness  of  the  fibres. 

In  order  that  the  maximum  holding  power  may  be  realized,  holes 
correctly  spaced  and  of  the  proper  diameter  and  depth  must  be  bored 
for  the  thread  and  shank  ;  the  threads  must  be  well  lubricated  with 
soap,  or  something  of  that  nature,  and  inserted  with  a  screwdriver — 
not  driven  with  a  hammer. 

Driving  with  a  hammer  always  lessens  the  holding  power  because 
the  fibres  of  the  wood  or  the  screws  themselves  are  damaged. 

There  is  a  very  slight  gain  in  the  holding  power  if  stress  is  not  ap- 
plied until  some  weeks  after  insertion. 

The  increase  in  holding  power  due  to  the  insertion  of  the  shank  is 
very  small,  (about  5  %).  On  the  contrary,  the  splitting  tendency  in- 
duced is  likely  to  weaken  such  power. 

The  holding  power  is  proportional  to  the  area  in  contact  for  screws 
less  than  four  inches  in  length. 
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The  holding  power  per  pound  is  greater  for  the  smaller  sizes.  For 
the  screws  of  one  length  it  decreases  as  the  diameters  increase,  and  for 
screws  of  constant  diameter  there  is  a  slight  increase  as  the  screws 
lengthen. 

The  ratio  of  white  pine  to  yellow  pine  is  72)^  of  white  pine  to 
white  oak  is  69  and  of  yellow  pine  to  white  oak  is  93  %.  When 
drawn  parallel  with  the  grain  screws  hold  a  trifle  more  in  yellow  pine 
than  in  oak. 

The  holding  power  per  square  inch  of  thread  area  is  greater  for  the 
shorter  screws,  the  diameter  remaining  constant  ;  and  greater  for 
screws  of  small  diameter,  the  length  remaining  constant.  The  relation 
is  expressed  in  all  cases  by  a  parabola  of  slight  curvature. 

The  proportions  of  screws  are  an  important  factor  in  their  holding 
power.  The  limit  of  economical  length  is  four  inches  and  the  econom- 
ical use  of  lag  screws  begin  with  the  four  inch. 

The  2",  2j^",  and  3"  No.  12  screws  are  the  most  economical  sizes. 
The  heads  and  shanks  of  long  screws  of  small  diameter  should  be  in- 
creased as  the  heads  pull  off  before  the  fibres  fail.  If  the  makers  could 
be  sure  that  artisans  would  use  screws  properly,  and  in  every  case  drill 
a  hole  for  their  insertion,  a  reproportioning  of  screws  might  be  the  out- 
come. 

Many  small  .screws  are  more  economical  than  a  few  large  ones. 

In  oak  ttie  holding  power  of  the  fibres  approximates  or  is  greater 
than,  the  screws  of  small  diameter. 

The  dark  rings  or  core  (the  summer  or  heart  wood)  of  the  yellow 
pine  holds  40  %  more  than  the  light  colored,  sap-wood  portions. 

One  turn  out  (in  the  case  of  longer  screws)  does  not  lessen  the  hold- 
ing power. 

A  small  crack  or  check  near  the  screw  does  not  influence  the  result, 
while  a  knot  greatly  increases  the  holding  power. 

There  is  no  particular  loss  occasioned  by  removing  and  reinserting. 
The  factor  of  safety  need  not  be  large. 

The  relative  cost  per  square  inch  of  thread  area  and  per  pound  of 
actual  holding  strength  reaches  a  minimum  with  the  medium  sized 
screw. 

The  Rogers  drive  screw  is  about  two-thirds  as  efficient  as  the  ordin- 
ary type,  and  fails  by  overcoming  the  frictional  resistance  to  turning. 
Lubrication  greatly  lessens  their  holding  power  and  is  unnecessary  as 
they  may  be  driven  with  ease  into  the  hardest  wood.  There  is  an  eoo- 
nomical  limit  to  their  diameters. 
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The  general  equation  of  quantity  of  water  flowing  past  any  given 
point  or  through  any  given  section  is  Q  =  A  v  where  A  is  the  area  of 
the  cross  section  and  v  the  mean  velocity  per  unit  of  time,  and  A  =  bd 
and  v=  s/2gh  where  b  and  d  are  the  breadth  and  depth  of  the  cross 
section,  h  the  head  to  which  the  mean  velocity  is  due  and  g  the  accel- 
eration due  to  gravity.    The  equation  then  becomes  Q=bds/2gh. 

This  equation  is  of  course  applicable  to  the  case  of  a  weir  when  b 
represents  the  length  of  the  weir,  d  the  depth  of  water  at  the  crest,  and 
h  the  head  producing  the  mean  velocity  at  the  weir  crest.  It  is  to  be 
noted  that  h,  b  and  7/ used  below  are  here  entirely  different  quantities, 
for  as  the  water  approaches  the  weir  the  elevation  of  the  surface  con- 
tinually decreases,  due  to  the  increase  of  velocity. 

In  the  common  equations  of  weir  discharge  the  fundamental  assump- 
tion is  made  that  the  water  approaches  the  weir  in  parallel  horizontal 
layers,  and  that  each  layer  has  at  discharge  a  velocity  due  to  its  dis- 
tance below  the  plane  of  still  water  above  the  weir,  and  hence  the 
maximum  velocity  being  at  the  bottom  of  the  escaping  sheet,  i.  e.,  next 
the  weir,  and  the  top  layer  having  no  head,  being  therefor  stationary, 
the  mean  velocity  will  be  that  due  to  |  of  the  height  of  the  plane  of  the 
surface  of  still  water  above  the  plane  of  the  crest  of  the  weir.  On  this 
assumption  the  above  equation  of  weir  discharge  would  become 
Q  =  bd\V^^^, 

Practically,  it  is  difficult  to  measure  d,  although  many  of  the  French 
hydraulicians  have  attempted  it  and  used  it  in  their  formulas,  so  that 
it  is  customary  to  measure  an  H  from  the  crest  of  the  weir  to  the  plane 
of  still  water,  which  equals  by  the  above  assumption  f  ^  or  =  f 
and  this  H  is  also  used  in  place  of  d.  Assuming  that  H  is  correctly 
measured,  its  introduction  in  the  formula  in  place  of  d  necessitates  a 
co-efficient  to  reduce  H  to  d.  If  this  were  all  that  was  required  of  this 
co-efficient,  the  law  of  its  variation  would  be  quite  definite  and  our 
weir  formulae  much  less  obscure,  but  there  is  an  inaccuracy  in  the 
fundamental  assumption  of  laminated  flow  that  must  also  be  provided 
for  in  a  co- efficient.    This  inaccuracy  is  due  to  the  fact  that  the  distri- 
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bution  of  velocities  in  the  escaping  water  does  not  conform  to  the 

theory,  or,  in  other  words,  that  the  theory  is  wrong,  and  the  point  of 
maximum  velocity  may  occupy  a  considerable  range  of  position  in  the 
escaping  sheet,  whence  the  constant  factor  |  disappears  and  in  its  place 
we  have  a  variable  factor.  The  result  of  all  this  is  that  a  variable  co- 
efficient must  be  introduced  into  the  equation,  which  can  only  be  de- 
termined by  experiment. 

A  further  conception  of  the  discharge  of  water  over  the  standard 
sharp  crested  weir  is  that  all  the  particles  of  water  in  the  channel  of 
approach  are  moving  toward  the  cross  section  of  the  stream  in  the 
plane  of  the  weir,  and  wherever  the  head  is  measured,  it  is  usual  to 
correct  it  by  computing  an  additional  head  from  the  mean  velocity  of 
the  approaching  water  based  upon  the  entire  area  of  the  filled  cross 
section  of  the  channel  of  approach  in  the  plane  of  measurement  of  head. 
Corrections  for  velocity  of  approach  made  in  accordance  with  this  con- 
ception have  been  found  entirely  too  small,  and  the  increase  required  to 
account  for  the  actual  discharge  over  the  weir  has  a  range  from  o  to 
nearly  ioo%  of  the  computed  velocity  head.  Mr.  Francis  assumed 
that  the  correction  for  velocity  of  approach  .should  be  based  upon  a  sec- 
tion rather  than  that  of  the  whole  filled  channel  b  {H  -\-  P)  where 
P  is  the  hight  of  the  crest  of  the  weir  above  the  bottom  of  the  channel 
of  approach.  It  may  be  stated  without  reserve  that  neither  of  these 
assumptions  is  strictly  correct  when  applied  to  a  sharp  crested  weir. 

The  true  phenomena  of  the  flow  of  water  over  the  standard  sharp 
crested  weir  have  never  yet  been  fully  investigated.  Mr.  James  B. 
Francis  was  the  first  to  notice  the  ones  most  intimately  connected  with 
velocity  of  approach.  Messrs.  Fteley  and  Stearns  added  much,  in  fact 
most,  of  our  knowledge  of  the  .subject,  but  some  investigations  by  Mr. 
Emil  Kuichling,  at  Rochester,  tho.se  of  M.  Bazin,  at  Dijon,  France,  a 
long  series  carried  on  by  the  writer  in  the  Hydraulic  Laboratory  of  this 
University,  together  with  a  few  very  interesting  ones  made  by  him 
elsewhere,  have  been  needed  to  place  the  subject  upon  a  tangible  basis. 

Combining  the  data  of  these  numerous  and  widely  separated  experi- 
ments it  appears  that  as  water  flows  over  a  .sharp  crested  weir  without 
end  contractions,  at  low  heads  there  is  formed  behind  (up-stream  from) 
the  weir  a  prism  of  water  in  which  there  is  practically  no  velocity 
toward  the  weir.  This  prism  is  bounded  at  its  ends  by  the  sides  of 
the  canal  and  has  for  its  faces  the  bottom  of  the  canal,  the  plane  of  the 
weir  or  the  up-stream  face  of  the  weir  bulk-head,  and  a  curved  surface 
concave  upward  extending  from  the  crest  of  the  weir  to  the  bottom  of 
the  channel  at  an  as  yet  undetermined  point  up-.stream.    This  point 
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appears  however  to  be  at  a  distance  from  the  foot  of  the  weir  equal  to 
at  least  twice  its  height,  and  may  be  quite  probably  ten  or  twelve  times 
that  distance.  Pressures  correctly  taken  within  this  prism  will  be 
found  to  be  always  in  excess  of  those  taken  in  the  channel  outside  of 
it,  due  probably  in  the  main  to  the  impact  of  the  flowing  water  against 
the  concave  upper  surface  of  the  prism,  and  we  may  therefore  designate 
it  as  the  prism  of  pressure. 

As  the  discharge  of  the  weir  increases  the  upper  surface  of  this 
prism  becomes  more  concave  and  its  intersection  with  the  bottom  of 
the  canal  approaches  the  foot  of  the  weir  bulk-head.  The  water  within 
the  prism  becomes  agitated  and  rolls  about  in  eddies,  portions  of  it 
escaping  now  and  then  over  the  crest  of  the  weir  and  other  particles 
entering  it  from  the  flowing  stream  to  take  their  place.  Next  the  foot 
of  the  weir  bulk-  head  there  exists  a  high  velocity  up-stream  which  is 
rolled  back  against  the  bulk-head  at  a  point  about  half  its  height. 
This  current  sweeps  the  bottom  of  the  channel  clean  next  the  weir  at 
high  discharg:es  and  piles  up  accumulations  of  sediment  and  detritus 
in  a  heap  across  the  middle  of  the  channel  at  a  short  distance  from  the 
weir. 

Since  this  condition  of  affairs  exists  it  follows  that  so  long  as  the 
point  for  measuring  the  head  is  not  changed  the  area  of  the  section 
through  which  the  velocity  of  approach  is  to  be  figured  will  change  as 
the  head  changes,  the  pressure  prism  cutting  out  less  and  less  of  the 
area  as  the  head  increases.  It  therefore  appears  that  so  far  as  the 
bottom  conditions  along  the  flowing  stream  are  concerned  its  cross 
section  increases  at  points  near  the  weir  as  the  discharge  increases,  by 
the  lowering  of  the  surface  of  the  prism  of  pressure  as  well  as  by  the 
rise  of  the  upper  surface  of  the  water. 

Considering  now  the  upper  surface  of  the  flowing  stream  we  find  the 
opposite  condition  to  prevail,  for  as  the  velocity  increases  the  height  of 
the  surface  is  lowered  so  that  at  the  crest  of  the  weir  the  depth  of  the 
water  may  be  less  than  ^  H.  The  distance  back  of  the  weir  to  which 
this  surface  curve  extends  has  not  yet  been  accurately  determined  but 
it  evidently  depends  upon  H  and  P  and  has  been  observed  to  extend 
up-stream  a  distance  of  more  than  twice  the  height  of  the  weir. 

With  weirs  having  end  contractions  suppressed  it  is  practically  im- 
possible to  accurately  measure  the  head  in  the  channel  directly.  It 
becomes  necessary  to  use  a  chamber  connected  to  some  form  of  orifice 
in  the  walls  of  the  feeding  channel  or  to  some  equivalent  device.  For 
this  purpose  four  different  types  of  devices  have  been  used,  and  all  in- 
troduce some  uncertainties. 
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The  first  device  is  that  used  by  Mr.  Francis  and  consisted  of  a  small 
opening  in  the  side  of  the  channel  of  approach.  This  opening  must 
be  at  right  angles  to  the  side  of  the  channel  and  its  edges  must  be 
exactl}'  flush. 

The  second  device  was  added  by  Mr.  Francis  as  a  plane  surface  set 
near  the  middle  of  the  channel  parallel  to  the  direction  of  flow  and 
having  similar  openings  connected  by  pipes  to  reservoirs  outside  of  the 
channel.  Messrs.  Fteley  and  Stearns  introduced  additional  openings 
of  this  sort  on  their  long  weir  in  order  to  measure  the  head  simultane- 
ously at  various  points  in  the  stream. 

A  third  device  consists  of  a  pipe  about  one  inch  in  diameter  perforated 
at  frequent  intervals  and  laid  a  few  inches  above  the  bottom  of  the 
channel, — the  openings  being  on  the  under  side, — transversely  to  the 
direction  of  flow,  or  parallel  to  the  crest  of  the  weir. 

The  fourth  device  consists  of  a  similar  pipe  perforated  on  four  .sides 
and  set  parallel  to  the  direction  of  flow,  or  at  right  angles  to  the  crest 
of  the  weir,  at  any  desired  distance  above  the  bottom  of  the  channel. 

As  the  presence  of  high  velocity  means  diminution  of  pressure  head 
it  may  be  safely  assumed  that  none  of  these  devices  will  communicate 
to  the  connected  reservoir  a  height  equal  to  that  in  the  channel  itself 
unless  they  connect  to  the  prism  of  pressure.  At  first  thought  this 
statement  may  seem  unwarranted  but  we  have  only  to  reflect  that  we 
may  have  a  velocity,  in  a  pipe  or  open  channel  so  high  that  no  water 
would  escape  through  openings  in  the  side,  whence  it  follows  that  the 
pressure  of  flowing  water  against  the  enclosing  walls  will  vary  with 
the  velocity.  Since  the  velocities  are  not  uniformly  distributed 
throughout  the  cross  section  of  the  channel  it  follows  that  these  devices 
can  only  represent  the  heads  in  certain  parts  of  it,  for  the  head  read 
from  any  of  them  at  a  place  of  high  velocity  must  be  lower  than  that 
read  in  the  same  channel  where  the  velocity  is  less.  It  becomes  at 
once  important  to  determine  where  the  head  should  be  read.  Because 
of  the  very  irregular  eddies  in  the  prism  of  pressure  this  becomes  an 
unsatisfactory  place  to  use,  and  we  are  then  forced  to  read  somewhere 
in  the  flowing  stream.  In  order  to  avoid  the  pressure  prism  the  reading 
if  taken  near  the  weir  should  be  taken  at  about  the  level  of  its  crest. 
It  is  also  considered  desirable  to  avoid  the  region  of  the  surface  slope 
and  Messrs.  Fteley  and  Stearns  have  recommended  that  the  head 
be  read  about  2}^  times  the  height  of  the  weir  up-stream  from  it. 
Aside  from  the  errors  that  may  be  introduced  by  reading  at  a  single  or 
a  few  points  it  appears  so  far  as  our  present  knowledge  goes  that  either 
the  second  or  fourth  device  would  give  equally  satisfactory  results,  and 
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with  short  weirs  perhaps  the  first  would  not  be  open  to  serious  objec- 
tion. As  to  the  third  device,  that  of  the  transverse  pipe,  it  will  give 
low  readings  of  head  if  set  outside  of  the  prism  of  pressure,  the  ex- 
tent of  error  in  the  discharge  with  a  two  foot  head  on  a  six  foot  high 
weir,  having  been  found  to  be  over  two  per  cent,  as  compared  with  that 
obtained  from  a  head  taken  •  with  the  first  device.  The  fact  that  no 
volumetric  determinations  of  the  flow  over  weirs  have  j-et  been  made 
where  this  device  was  used,  therefore  compels  its  rejection  for  accurate 
work  except  with  very  low  heads. 

Thus  far  we  have  dealt  mainly  with  the  uncertainties  and  the  net  re- 
.sult  is  that  the  formulae  are  seen  to  be  incorrectly  founded,  the  cor- 
rections for  velocity  of  approach  more  or  less  indeterminate,  and  the 
position  and  method  of  reading  the  head  uncertain.  We  next  come  to 
the  certainties,  i.e.,  the  experimental  determinations  of  the  discharge 
over  weirs  where  the  quantity  of  water  was  volumetricalh^  measured. 

As  to  these,  it  should  be  remembered  that  the  reliable  recorded  ex- 
periments upon  the  discharge  over  weirs  with  end  contractions  sup- 
pressed, of  a  size  comparable  to  those  usually  met  with  in  practice, 
where  the  discharge  was  measured  volumetrically ,  are  comprised  in 
three  investigations,  which  cover  six  different  weirs. 

The  first  embraces  seventeen  experiments  by  Mr.  James  B.  Francis^ 
upon  a  weir  9.995'  long  and  4  60'  high,  with  heads  ranging  from 
0.73620' to  1.00600',  and  which  determines  substantially  four  distinct 
points  on  the  discharge  curve,  viz.,  h  =  0.74',  0.81',  0.98'  and  i.oi'. 

The  second  comprises  thirty  experiments  by  Messrs.  Fteley  and 
Stearns^  upon  a  weir  4.999'  long  and  3.56'  high,  with  heads  ranging 
from  0.0746'  to  0.8193',  and  ten  experiments  upon  a  weir  18.996'  long 
and  6.55'  high,  with  heads  ranging  from  0.4685'  to  1.6038'. 

The  third  is  the  investigation  of  Mr.  Henry  Bazin^  who  made  sixty- 
seven  experiments  upon  a  weir  2  meters,  6.56'  long  and  3.72'  high, 
with  heads  ranging  from  0.194'  to  1.012';  thirty-eight  experiments 
upon  a  weir  i  meter,  3.28'  long  and  3.72'  high,  with  heads  ranging 
from  0.188'  to  1.338',  and  forty-eight  experiments  upon  a  weir  0.5 
meter,  1.64'  long  and  3.296'  high,  with  heads  from  o.  191' to  1.779'. 

Of  these  investigators,  the  Americans  read  their  heads  at  an  opening 
in  the  side  of  the  canal,  6  feet  up  stream  from  the  weir  and  near  the 
level  of  the  crest,  and  the  openings  were  in  every  case  less  than  three- 
fourths  of  a  square  inch  in  area,  but  Bazin  selected  a  point  5  meters, 

^  Lowell  Hydraulic  Experiments. 
2  Trans.  Am.  Soc.  C.  E.,  Vol.  XII. 

^  Annales  des  Fonts  et  Chaussees,  1888.    Proc.  Phila.  Eng.  Club,  1890. 
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16.3  feet  up  stream,  and  at  the  bottom  of  the  channel,  to  read  his,  and 
his  opening  was  4"  in  diameter.  In  each  case  the  openings  \vere  at 
right  angles  to  the  direction  of  the  current  and  flush  with  the  side  walls 
of  the  canals,  except  that  in  some  of  the  Francis  and  Fteley  and 
Stearns  experiments  additional  openings  were  made  by  using  plates  of 
wood  or  metal  set  parallel  to  the  direction  of  flow,  with  orifices  in  them 
connecting  the  pipes  to  the  hook  gage  pails. 

Each  of  these  investigations  has  produced  a  formula  for  weir  dis- 
charge and  from  the  data  of  the  American  experimenters  and  that  of 
others  with  much  smaller  weirs,  Mr.  Hamilton  Smith,  Jr.,'  deduced  an 
additional  formula  for  weirs  witli  end  contraction  suppressed.  It  will 
be  seen  at  once  that  the  total  number  of  experiments  in  the  first  two  in- 
vestigations is  exceeded  by  Bazin's  first  series  and  nearly  equalled  by 
his  third,  while  altogether  he  presents  nearly  three  times  as  many  de- 
terminations as  do  the  other  investigators. 

Bazin's  Formula  is  a  ver}'  convenient  one  to  use  with  such  weirs,  as 
the  effect  of  velocity  of  approach  being  taken  care  of  by  a  variable  co- 
efficient, no  approximations  are  necessary  to  provide  for  it,  but  the 
formula  gives  results  somewhat  different  from  those  of  the  other  three, 
and  while  the  Bazin  Formula  fits  the  Bazin  experiments  excellently,  it 
does  not  fit  the  others  as  well. 

Considering  the  positions  at  which  the  heads  have  been  read  by  the 
Americans  and  by  Bazin,  it  seems  certain  that  if  any  difference  exists, 
the  velocity  will  be  greater  at  a  point  6  feet  from  the  weir  and  level 
with  its  crest  than  it  will  be  at  a  point  10  feet  farther  up  stream  and  at 
the  bottom  of  the  channel.  Since  we  know  that  as  velocity  increases 
the  pressure  head  decreases,  we  would  expect  that  heads  read  at  the 
American  position  would  be  lower  than  those  read  at  Bazin's  point,  for 
the  same  discharge,  and  hence  we  should  expect  that  Bazin's  Formula 
would  give  and  his  experiments  show  a  less  discharge  for  a  given  head 
than  would  be  the  case  with  the  others.  This  appears  to  be  true  with 
a  weir  11.24'  high  only,  with  heads  above  1.39'.  Below^  that  head  Ba- 
zin's Formula  gives  a  greater  discharge  than  does  that  of  Mr.  Francis. 
Table  I  shows  a  comparison  of  five  experiments,  on  five  of  the  weirs 
already  referred  to,  in  which  the  measured  discharges  Q  are  given  and 
also  the  computed  discharges  for  each  experiment  by  the  four  formulae. 


^  HydraiiUcs. 


The  Flozv  of  Water  Over  Weirs. 


TABLE  I. 


Q  by  Formula  Cu.  ft.  per  Sec. 


Experimenter. 


1  ft.    p  ft. 


Obs.  h 


j  Obs. 
iQ.  cu.  ft! 


Francis.  Bazin.  Smith. 


J.  B.  Francis  

Fteley  &'Stearns__| 

Bazin  


9.995  4- 60 
18.996  6.55 
4-999  3-56 
6.56  3.72 
1.64  3.30 


0.9760' 
1.4546 
0.8118 


112.066 
12.466 
21.930 
5-754 


32.436 


32.290 
1 1 1.890 
12.307 
21.418 
5-664 


32.300 
112.054 

12-459 
21.478 
5-689 


32.784 
112.550 
12.557 
21.928 

5.753 


32.406 
112.240 


12.497 
21.715 
5-961 


0.9794 
1. 0158 


From  this  table  it  is  seen  that  Bazin 's  formula  gives,  in  the  first 
three  cases,  discharges  higher  than  those  actually  observed,  and  that 
the  other  formulae,  except  in  one  case,  give  for  Bazin's  experiments 
discharges  less  than  the  observed.  Before  selecting  these  experiments, 
an  attempt  was  made  to  test  the  homegeneity  of  the  experiments  of 
each  of  the  observers  by  computing  from  the  observed  Q  values  of  71^ h, 
which,  if  n  were  constant,  would  give  a  straight  line  when  plotted  as 
abscis.sas  to  the  observed  h  as  ordinates.  It  was  found,  of  course,  that 
n  was  not  constant,  but  was  increasing  as  the  head  increased.  This 
plotting,  however,  demon.strated  the  consistency  of  the  different  ex- 
periments of  each  .series  with  each  other.  From  these  observations  it 
appears,  therefore,  that  we  have  to  explain  the  high  values  of  ob- 
tained by  Bazin,  or  the  low  values  by  the  other  observers,  as  theoreti- 
cally the  former  should  have  obtained  the  low  values.  A  careful  study 
of  the  conditions  of  the  several  experiments  leads  to  the  conclusion  that 
the  devices  used  by  the  Americans  for  starting  and  stopping  the  flow 
and  determining  the  heights  in  the  measuring  basin  were  capable  of 
more  precise  operation  than  were  tho.se  of  Bazin,  and  hence,  patriotism 
aside,  I  conclude  that  the  Qs  determined  by  Mr.  Francis  and  by  Messrs. 
Fteley  and  Stearns  were  more  nearly  correct  than  were  those  of  Bazin, 
and  consequently  it  follows  that  the  formulae  of  Francis,  Fteley  and 
Stearns  and  Smith  are  probably — except  perhaps  in  the  last  case  with 
short  weirs,  where  experiments  upon  weirs  only  eight  inches  long  have 
been  necessarily  resorted  to  in  determining  the  formula, — more  ac- 
curate than  is  the  recent  formula  of  Bazin.  At  the  same  time  it  ap- 
pears that  even  the  Francis  formula  may  give  low  results  at  high  heads, 
although  this  is  perhaps  compensated  for  in  the  fact  that  high  heads 
upon  ordinary  weirs  wall  probably  be  accompanied  by  roughness  and 
turbulence  of  the  approaching  water,  which  quite  appreciably  reduces 
the  discharge  for  a  given  head. 

In  view  of  the  foregoing  it  seems  doubtful  if  the  data  now  at  hand 
warrant  the  presentation  of  a  formula  for  weir  discharge  as  applicable 
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under  general  conditions.  The  best  we  can  do  is  to  reproduce  as  near- 
ly as  possible  all  the  conditions  of  that  one  of  the  several  series  of  ex- 
periments which  conies  nearest  to  fitting  the  case  in  hand  and  rely  rath- 
er upon  a  comparison  of  the  results  obtained,  with  those  of  the  other 
experimenters  ;  for  the  application  of  any  of  the  w^eir  formulae  to  con- 
ditions different  in  any  particular  from  those  under  which  the  experi- 
ments were  made  whence  they  were  deduced,  is,  to  say  the  least,  ques- 
tionable. 

It  is  interesting  to  note  that  in  the  most  widely  known  and  generally 
accepted  series  of  experiments  upon  the  flow  of  water  in  pipes,  the  dis- 
charge was  measured  over  a  weir  and  computed  by  a  formula  which  no 
one  today  considers  reliable  ;  that  in  probably  the  best  published  series 
of  modern  pipe  experiments  the  discharge  was  measured  over  weirs 
which  did  not  strictly  conform  to  any  of  the  standard  precedents,  and 
that  the  ratings  of  the  larger  Venturi  meters  have  been  determined  by 
comparison  with  the  flow  over  a -weir  upon  which  it  is  very  doubtful  if 
the  head  was  measured  in  a  manner  suitable  to  the  application  of  any 
of  the  weir  formulae.  A  consideration  of  some  of  these  points  coupled 
with  a  realization  of  the  vast  financial  interests  dependent  upon  the 
correct  measurement  of  water,  may  naturally  lead  us  to  wonder  at  the 
very  few  thousands  of  dollars  expended  upon  hydraulic  investigation, 
particularly  when  we  reflect  upon  the  hundreds  of  thousands  invested 
in  astronomical  observation,  concerning  which  an  eminent  astronomer 
has  remarked  that  if  every  observatory  was  wiped  out  in  a  single  day 
we  would  still  have  an  abundance  of  astronomical  knowledge  to  serve 
the  world  for  all  practical  purposes  for  the  next  one  thousand  years. 
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